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SOURCES OF DIOXIN IN THE PRRI AREA 

INTRODUCTION AND INSTRUCTliONS 

This report, Sources of Dioxin In The PRRI Area, is organized to present specific evidence 
compiled on certain Potentially Responsible Parties ("PRPs") and their association with 
sources of dioxin in the Passaic River Restoration Initiative ("PRRI") Area. The PRRI Area 
includes the Passaic River Study Area ("PRSA"). 

Report Organization 

The contents of this report are organized into a set of five, ( 5), binders which serve to provide 
the following information: 

0 

0 

0 

e 

e 

0 

G 

A nan·ative section which provides an overview and background on dioxin formation; 
A figure which provides the locations of the dioxin-associated PRPs identified to-date 
in the PRRI and PRSA areas; 
An overall Sources of Dioxin evidence summary chart; 
Select PRP case summaries with associated site location figures in the PRRI and PRSA; 
Analytical chemistry data obtained during sediment sampling and investigation 
activities conducted throughout the PRRI and PRSA areas; 
USEP A, trade and other technical reference materials relating to dioxin fonnation; and 
Tabbed sections containing copies of regulatory and other open source documentation 
that comprises the evidence associating each PRP with the formation of dioxin. 

The background narrative section, dioxin reference materials, PRP locations figure, evidence 
summary chart, PRP case summaries, site figures and sediment chemistry data are all located 
in Volume 1 ofthis report. 

The PRP-specific evidentiary materials have been organized for review in Volume 2 through 
Volume 5, inclusive, ofthis report. 

Sources Of Information 

It should be noted that the evidentiary materials have been compiled from various publicly 
available infonnation sources. These open sources include, but are not limited to: 

o The United States Environmental Protection Agency ("USEPA"); 
o The New Jersey Department of Environmental Protection ("NJDEP"); 
o Historical records of the Passaic Valley Sewerage Commissioners ("PVSC"); 
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Introduction And Instructions Continued 

e Sewer infrastructure and discharge records ofthe City ofNewark, the City of Clifton 
and Passaic County, NJ; 

o Affidavits obtained from former employees of certain PRPs; 
o Records obtained from online public and proprietary database information services; and 
o General historical materials obtained from library sources in Newark, Clifton and 

Passaic, NJ. 

Summarv 

The evidence summary charts, associated figures, PRP case summaries, and dioxin 
association evidence are all arranged in a geographical progression, organized to read as if 
traveling from south to north in the PRSA and PRRI areas. 

It is the objective of this report that the reader reviews the dioxin association infom1ation 
provided on the figures, case summaries, analytical data and evidence summary chart. The 
reader should then refer to the tabbed sections to review the detailed evidence compiled and 
presented for each PRP of interest. 

This report serves to provide an interim compilation of those PRPs identified to-date, which 
are known to be associated with the formation of dioxin in the PRRI and PRSA areas. 
Ongoing efforts may serve to identify additional PRPs that are associated with dioxin 
formation. 
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Lister Avenue Area Historical Soil Sample Data 
As of September 4, 2002 

Montrose 80 Lister 120 Lister Sherwin 
Chemical Williams 

Class I Organics: 
2,4-Dichlorophenol 23,000 1,400,000 800 210 

2,4,5-Trichlorophenol 160 1,700,000 3,500 ND 
2,4,6-Trichlorophenol 4,800 3,600 ND ND 

Class I & II Pesticides: 
Pentachlorophenol 2,100 ND ND ND 

Alpha-BHC 2,3000,000 ND 50,000 NA 
Beta-BHC 100,000 130,000 28,000 NA 

Gamma-BHC (lindane) 100 000 ND ND NA 
Delta-BHC 46,000 ND ND NA 

Dioxin Precursor Chemicals: 
Chlorobenzene 65,000 170,000 120 5,000,000 

1 ,2, 4-Trichlorobenzene 71,000,000 17,000 850 7,200 
1 2-Dichlorobenzene 160 000 13,000 190 390 000 
1,4-Dichlorobenzene 730,000 49,000 910 1,800,000 
1 ,3-Dichlorobenzene 38,000 3,400 ND NA 
Class III Organics: 

Phenol 340,000 13,000 220 470 
Hexachlorobenzene 10,000 620,000 44,000 1,400 

Other PRP-related chemicals: 
Bis(2-ethy lhexy !)phthalate 176,000 14,000 90,000 1,100 

DDT 17,000,000 5,090,000 480,000 850 
DDE 520,000 297,000 7,500 170 
DDD 710,000 370,000 17,100 850 

Endosulfan 930 8,900 ND NA 
PCB 1248 25,000 ND ND NA 
PCB 1260 50,000 ND ND NA 

Total Cyanide (ppm) 176 34 2.14 NA 

Volatile, Semivolatile, Pesticide/PCB, and Herbicide compounds are reported in PPB; ~=Not analyzed; 

Hilton Davis 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

2,800 
15,569 
25 008 
14,487 
5,448 

240,000 
947,459 

7,315 
NA 
NA 
NA 
NA 
ND 
1.44 
NA 

XX- Detected compolUlds used/produced by Montrose only; !XX!- Detected compollllds used/produced by both Montrose and Diamond 
Compollllds listed by category designation include both listed compounds and related process wastes. Peak detected on-site concentrations listed. 
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1995 Rt-IWP OEOTECHNICAL ceRE LOCAnON 

SHCfiEIJHE/DISCHAAC£ ROUTt 

APPROXI!.IA.TE FACILITY BOUNDARY 

t.IUOfl..A T5 (SURVEYED Ulll9) 

~~ CENl'ERUNE 

STATION Df:SIONATION ABO\o£ 
50-t 00 OOYINS!REA.N BOJNDARY OF THE 

PASSAIC Rl'lt:R STUD'!' AREA 

0 
G> SEOIUEHT (LATE SUir.o.4ERjtAm.Y FAll. 11199 AND SPRING 2000) 

• 21 A 1991 CORE S(OJI.j(NT IN\I£ST1CAT10N 

+ 61 A 1992 CORE SEOIIoiENT INVESTIGATION 

• 9 3A 11H13 (.IJLV) CORE SEOitoltNT INVESTIGATION 

... HISTORIC,t..L -'NO PR!SOH DAY OUTFAU...S 

I. BASOo4AP SOJRC£: TOPO-I.!ETRICS, 1·-100', ORIGINAL I.IYI...AR 
POSITIVES Of "ERIAL PHOTOWETRICS SURY£Y {11182) (AOJUSTro 
TO OIFF'ERENTli\L GLOBAL POSITIONING SYSTr:loi-SUR~ 
MUDf'Ul LOCATIOOS, 19VIJ.] 

2 MVER WU OENOITS DISTANCE 1111 I.IIU:S ABOIJE DO ..... STREAJ.I 
BOUNOAAY Of TliE PASSAIC RIVER STUDY AREA. 

TIERRA SOLUTIONS, INC. 
PASSAIC RIVER STUDY AREA 

SITE AREA CHEMISTRY FIGURE 

BBL 
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• 
Montrose Sediment Chemistry 

Montrose 
On-Site 

CORE # 
60A 

CORE # 
285 

- .;;: " 

-------
-: "- ~- -
~ 

~~-~ ").( ~l' : 

CORE # 
. 286 

CORE # 
PR9914 

CORE # 
61A 

• 
CORE # 

93A 

Volatile, Semivolatile, Pesticide/PCB, and Herbicide compounds are repmted in PPB; NA =Not analyzed; 
XX- Detected compounds used/produced by Montrose only; ~- Detected compounds used/produced by both Montrose and Diamond. 
Compounds listed by category designation include both listed compounds and related process wastes. n = Concentration is above mean based on the PRSA sediment sampling data. Concentration is in the top 20 hits based on the PRSA sediment sampling data . 

• = Highest concentration detected in the PRSA, based on PRSA sediment sampling data. 
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(PPB) 

2,4,5-Trichlorophenol 

2,4-Dichlorophenol 

Naphthalene 

Lead 

Manganese 

Zinc 

2,3,7,8-TCDD (PPB) 

NO = 
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c=J = 

E!!l = 

• 
Givaudan Sediment Chemistry 

CONC.IN CORE CORE CORE CORE 
SITE SOILS 

#5 #6 #74 F04MA F04R (+) # 73 
A 

890,000 NO NO NO NO NA NA 

230,000 NO NO NO NO NA NA 

480,000 NO 320,000 NO NO NA NA 

3,870,000 413,000 197,000 47,800 368,000 NA NA 

57,600 251,000 254,000 89,300 430,000 NA NA 

211,000 394,000 No Data 65,200 488,000 NA NA 

214 0.720 0.015 0.002 0.086 2 2.6 

Not detected. 
Highest detected concentrations in site soil. 
Concentration is above mean based on the PRSA sediment sampling data. 
Concentration is in the top 20 hits based on the PRSA sediment sampling data. 
Highest concentration detected in the PRSA, based on PRSA sediment sampling data. 

FOSM FOSRA 
A 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NO 9.3 

• 

F06MA F06RA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

ND 0.092 
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- • Bayonne Barrel & Drum Sediment Chemistry 

ND 
(+) 

----~---~ 

f..;;!:::t 1 i~ .h~ir!~ = 

Hazardous Substance CONC. IN 
(PPM) SITE SOILS 

(+) 

Bis (2-cthylhexyl) phthalate 1500 

Barium 6880 

Cobalt 2690 

Mercmy 43.9 

Alpha Chlordane l.2 

Gamma Chlordane 1.3 

DDD 1.4 

DDE 6.4 

DDT 0.860 

Endrin Aldehyde 0.065 

Chlorobenzene 2.8 

Aroclor 1248 3400 

Aroclor 1254 430 

Aroclor 1260 120 

2,3,7,8-TCDD (PPB) 2.85 

CORE 

#207 

140 

366 

19.5 

11.6 

2.300 

1.790 

379 

ND 

5.310 

2.110 

8.45 

CORE 

#208 

60 

299 

17.1 

17.5 

0.101 

0.0835 

0.075 

0.181 

17.2 

ND 

ND 

2.570 

1.410 

ND 

1.91 

Total TCDD Equivalents!fEQ (PPB) 911 No Data No Data 

Not detected. 
Highest detected concentrations in site soil. 
Concentration is above mean b::~sed on the PRSA sediment sampling data. 
Concentration is in the top 20 hits based on the PRSA sediment sampling data. 
Highest concentration detected in the PRSA, based on PRSA sediment sampling data. 

CORE 

#209 

200 

338 

16.3 

18.9 

0.095 

0.086 

0.779 

0.496 

431 

0.043 

ND 

4.320 

2.530 

ND 

17.4 

No Data 
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Sources of Dioxin in t.RSA and PRRI Areas 

Name of PRP 

Airwick Industries, Inc., (Ciba-Geigy, 
Inc.), 111-179 Commerce Road, 

Years of Operation I Discharge 
Routes 

Carlstadt, NJ 1962-1991 

Givaudan Corporation, Chemical 
Division, 110-125 Delawanna Ave., 

Moonachie Creek or Berrys Creek 
to Hackensack 

Dioxin Contamination 
(Site and Sediments) 

44 ppt 2,3,7,8-TCDD in 
onsite drainage ditch 
sediments. 

Chemical and/or Process 

Hexachlorophene 

Hexachlorophene (lsobac 20); 
2,4-Dichlorophenol; 2,4,5-

Dioxin Relationship 

Class I organic compound 

8 Clifton, NJ 1913-1999 
200 ppb 2,3,7,8-TCDD 
onsite. Trichlorophenol Class I organic compound 

Onsite chemical sewer to pond on Peak concentration of 720 
Third River to Passaic ppt in Third River sediments Benzaldehyde; Fumaric acid Class Ill organic compound 

a-dichlorobenzene; 1,2,4-
Standard Chlorine Chemical Co., 1015-

14 1035 Belleville Turnpike, Kearny, NJ 1962-1995 

2,3,7,8-TCDD detected in 
onsite lagoon sediments at 
70 ppb. EPA Phase II 
sampling. 

Trichlorobenzene; Maleic 
anhydride; Bromobenzene Class Ill organic compounds 

Prentiss Drug & Chemical Co., Inc., 
26 338 Wilson Avenue, Newark, NJ 

September 4, 2002 

Located on Hackensack River, site 2,3.7,8-TCDD was detected 
is underlain by system of drains, in both sediment cores 33A 
on-site lagoon that drain to River. and 34A (up to 0.12 ppb) 
NPDES permit for discharge to adjacent to the site in the Chlorinated benzene 
Dead Horse Creek to Hackensack. Hackensack River. formulations 

1953-1982 

2,3,7,8-TCDD was detected 
onsite at 200 ppb, and in 
Pierson's C;eek sediments 
onsite at 0.9ppb. Lindane Class II pesticide compound 

1 of 29 



Name of PRP 

September 4, 2002 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Pearson's Creek to Port Newark 
(North Channel) 

Dioxin Contamination 
(Site and Sediments) 

Sampling of the North 
Channel of Port Newark 
detected concentrations 
ranging to 0.55 ppb 
(dredged area). 

Chemical and/or Process 

chlorophenol and mono- to 
tetra - manufacture/process 

Dioxin Relationship 
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Sources of Dioxin in t.RSA and PRRI Areas 

Name ofPRP 
Years of Operation I Discharge 
Routes 

··---~ -~-----~-----

Montrose Chemical Corp./ Sobin Direct discharges to Passaic River, 

Dioxin Contamination 
(Site and Sediments) 

Chemicals/International Mineral & also via discharges to Brown St. Low levels of 2,3,7,8-TCDD 
Chemical Corp./ Chris Craft Corp., 100 CSO and Lockwood St. Storm detected in limited onsite 

29 Lister Avenue, Newark, NJ 

Dundee Dam (Owned by Dundee 
Water and Power Co.)- Extended 
from Dundee Canal at Ackerman 
Avenue to the canal's terminus at the 
Passaic River. Block 3.7/Lot 1 (site 

Sewer. 
1942- 1978 

34 11 ). Passaic, NJ constructed in late 1880s 

Passaic River 

Dundee Water and Power Company 
(Dundee Canal)- Block 54/Lot 1 
(6 acres of canal and .1 land (site 2). 

35 Passaic, NJ constructed in late 1880s 
·Passaic River 

September 4, 2002 

sampling. 

Significantly elevated 
concentrations of 2,3,7,8-
TCDD detected in Passaic 
R1ver sed"1ments adjacent to 
site. 

2,3,7,8-TCDD detected at 
low levels in sediments 

2,3,7,8-TCDD detected at 
low levels in sediments 

Chemical and/or Process 

2,4,-D and 2,4,5-T 
Manufacturing. 

Propanil 

·1 ,2,4-Trichlorobenzene 

Dioxin Relationship 

Class I oganic compounds. 

Class II organic compound 

Class Ill organic compound 
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Sources of Dioxin in .PRSA and PRRI Areas 

Name of PRP 

Dundee Water and Power Company 
(Dundee Canal)- Extended from 
Dundee Canal at Passaic/Clifton 
border to Ackerman Avenue in Clifton. 
Block 4.14/Lot 1 (Site 9). 

Years of Operation I Discharge 
Routes 

36 Passaic/Clifton border. constructed in late 1880s 

Passaic River 

Dioxin Contamination 
(Site and Sediments) 

2,3,7,8-TCDD detected at 
low levels in sediments 

Chemical and/or Process 

PSE&G Essex Generating Station, 155 Low levels of 2,3,7,8-TCDD 
46 Raymond Blvd., Newark, NJ Site is adjacent to Passaic River. detected onsite. Boilers/Industrial Furnaces 

September 4, 2002 

2,3,7,8-TCDD was detected 
at up to 11.6 ppb in core 214 
in the site vicinity. Oil Combustion 

Coal combustion 

Dioxin Relationship 
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Sources of Dioxin in .RSA and PRRI Areas 

53 

Name ofPRP 

Bayonne Barrel & Drum Co. (BB&D), 
150 and 154 Raymond Boulevard, 
Newark, NJ 

White Chemical Co., Hook Rd. and E. 

Years of Operation I Discharge 
Routes 

Harrison Creek (site drainage and 
process discharges) to Passaic 
River. 

22nd Streets, Bayonne, NJ 1961 - 1983 

Aceto/Arsynco, Foot of 13th Street, 
3 Carlstadt, NJ 

September 4, 2002 

Documented: settling pond 
discharges to Platty Kill Creek to 
Kill Van Kull. 

Hackensack via NPDES Permit; 
Potential Berry's Creek discharger 

Dioxin Contamination 
(Site and Sediments) 

Significant dioxin 
concentrations (TEOs) 
detected onsite; 2,3,7,8-
TCDD peaks at 

2,3,7,8-TCDD was detected 
at 8.45 ppb in sediment core 
207 adjacent to the outfall of 
Harrison Creek to the 
Passaic River. 

Chemical and/or Process 

Drum & Barrel Reclamation 

1983: USEPA Tier 1 dioxin 2,4-Dibromophenol; 
testing at site inconclusive Pentabromophenol; 2,4,6-
due to laboratory issues. Tribromophenol 

2,3,7,8-TCDD was detected 
in both sediment cores in 
the vicinity of the site in the 
Kill Van Kull - (up to 0.042 
ppb) Pentabromotoulene 

3,5-Dichlorosalicylic acid 

Dioxin Relationship 

Class I organic compounds 

Class Ill organic compound 

Class II organic compound 
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6 

9 

e 
Name ofPRP 

Inmon! Corporation, 13th St., 
Carlstadt, NJ 

Scientific Chemical Processing Co., 
Inc., 216 Paterson Plank Road, 
Carlstadt, NJ 

Shulton Toiletries, Inc., 697 Route 46, 
Clifton, NJ 

September 4, 2002 

Sources of Dioxin in .RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Potential Berry's Creek discharger 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

3,5-Dichlorosalicylic acid 

2,4-Dichlorophenol identified in 

Dioxin Relationship 

Class II organic compound 

Direct discharges to Peach Island 
Creek to Berry's Creek to 
Hackensack. 

Site not addressed by EPA 
dioxin sampling program. site soil. Class I organic compound 

NPDES-permitted discharge to 
Passaic river. 

Peach Island Creek 
sediments contaminated; no 1 ,2,4-trichlorobenzene 
dioxin sampling. identified in site soil. 

NJDEP cites potential for 
dioxin generation via 
incomplete combustion of 
PCBs during 1970 fire. 

a-chlorophenol 

a-dichlorobenzene 

Class Ill organic compound 

Class II organic compound 

Class Ill organic compound 
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Name ofPRP 

Alliance Chemical Co,/ Pfister 
Chemical Co., Inc., 33 Avenue P, 

16 Newark, NJ 

Crompton & Knowles Color, Inc., 52 
20 Amsterdam Street, Newark, NJ 

September 4, 2002 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Limited sampling conducted Site contaminants: 2, 4-
in 1985 for 2,3,7,8-TCDD Dichlorophenol, 2,4,5-

1945- 2001 was N.D. Trichlorophenol. 

2,3,7,8-TCDD was detected 
in core samples collected 

Plum Creek to Passaic from onsite from Plum Creek and the 
wastewater lagoon; Roanoke Ave. Passaic River in vicinity of 
CSO to Passaic post-1975. site outfalls/pathways. 

CSO case 

Products: 2-chloro-1 ,4 
diethoxy-5-nitrobenzene; 
5-chloro-2,4-diethoxyaniline 

·1 ,2,4-Trichlorobenzene 

unspecified dyes 

Chlorophenols and mono -to -
tetra manufacture/process 

Manufacture of organic 
intermediates for use in the 
textile, paper and pigment 
industries. 

o-chlorophenol 

Dioxin Relationship 

Class I organic compound 

Class II organic compound 
Class Ill organic compound 

Class II organic compound 
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Sources of Dioxin in .PRSA and PRRI Areas 

Name of PRP 

Fairmount Chemical Co., Inc., 117 
21 Blanchard Street, Newark, NJ 

Rutgers University, Newark Campus, 
360 Martin Luther King Boulevard, 

Years of Operation I Discharge 
Routes 

Blanchard St. Storm Sewer 

28 Newark, NJ CSO case. 

Troy Chemical Corp., 1 Avenue l, 
30 Newark, NJ 

September 4, 2002 

1956 - Present 

Pearson's Creek to Port Newark 
(North Channel) 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Low levels of 2,3, 7 ,8-TCDD 2-Chloro-1 ,4-diethyoxy-5-
detected onsite during EPA nitrobenzene, Formulation of 

Dioxin Relationship 

Lister Ave. sampling. agricultural mixes. Class II organic compound 

Significant concentrations of 
2.3.7.8-TCDD detected in 
Passaic River sediments in 
vicinity of outfall. 

No dioxin sampling 
conducted at site. Creek 
sediments are heavily 
contaminated with site
derived contaminants. 

Sampling of the North 
Channel of Port Newark 
detected concentrations 
ranging to 0.55 ppb 
(dredged area). 

o-chlorophenol Class II organic compound 

o-chlorophenol Class II organic compound 

1 ,2,4-Trichlorobenzene; 2,4-
dinitrophenol Class Ill organic compound 
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Name of PRP 

Hoffman La Roche Corp., 340 
32 Kingsland Street, Nutley, NJ 

Cosan Chemical Corp., 400 14th St., 
40 Carlstadt 

September 4, 2002 

Sources of Dioxin in RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

CSO case, minor discharge to 
Third River from onsite POTW. 

NPDES-permitted discharger to 
Hackensack. 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

a-chlorophenol 

Picric acid; 
dinitrophenol 

2,4-

Medical Waste Incineration 

2,4,6 - trichlorophenol 

Phthalic Anhydride, o -
dichlorobenzene 

Dioxin Relationship 

Class II organic compound 

Class Ill organic compound 

Class I organic compound 

Class Ill organic compound 
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10 

11 

12 

Name ofPRP 

ISP Van Dyk, Inc., Main & William 
Streets, Belleville, NJ 

Fritzsche, Dodge & Olcott, Inc., 85 
Third St., Clifton, NJ 

Sun Chemical Corp., East Rutherford 
Pilot Plant, East Rutherford, NJ 

Universal Oil Products Co. (UOP) NPL 
Site, Route 17 & Paterson Plank 
Road, East Rutherford, NJ 

Tenneco, 290-300 River Drive, 
Garfield, NJ 

September 4, 2002 

Sources of Dioxin in .PRSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

1940-

Potential Third River disharger 

NPDES permit to discharge to 
Hackensack River. 

Bordered on southwest by Berry's 
Creek. Ackerman's Creek flows 
through the site and into Berry's 
Creek. Site is at approximately 
river mile 8. NPDES discharge to 
Hackensack 

1969-1990 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Fumaric acid 

Benzaldehyde, Phenyl ether 

a-dichlorobenzene 

Benzaldehyde 

Benzaldehyde, Fumeric acid 

• 
Dioxin Relationship 

Class Ill organic compound 

Class Ill organic compound 

Class Ill organic compound 

Class Ill organic compound 

Class Ill organic compound 
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Name of PRP 

BASF Wyandotte Corp., 50 Central 
13 Avenue, Kearny, NJ 

Universal Flavors, Subs. Of Universal 
Foods Inc., 265 Harrison Avenue, 

15 Kearny, NJ 

September 4, 2002 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) 

1935- 1964: United Cork. 1964- Site samples not analyzed 
1990 BASF. for dioxin. 

2,3,7,8-TCDD detected in 
core samples adjacent to 
the site (0.094 ppb) and in 
core samples upstream of 
the site (4.56 ppb) that are 
heavily contaminated with 
other compounds 

Chemical and/or Process 

Phthalic anhydride; 
Benzaldehyde; 2,4-
dinitrophenol. 

Located on Passaic River at 
Newark bay. associated with this site. Building fires in 1920s 

1984-

Industrial waste incineration 

Cork bleaching and/or steam 
pressing. 

· unspecified dyes 

Manufacture of a avriety of 
chemical products including 
organic plasticizers, dyestuffs 
and chemical intermediates. 

Phthalic Anhydride, 
Benzaldehyde 

• 
Dioxin Relationship 

Class Ill organic compound 

Class Ill organic compound 
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Name ofPRP 

Ashland Chemical Company, 221 
17 Foundry Street, Newark, NJ 

Chemical Leaman Tank Lines, Inc., 80 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

1968- 1988 

Dioxin Contamination 
(Site and Sediments) 

No onsite dioxin sampling 
conducted. 

2,3,7,8-TCDD detected in 
Storm Sewers and drains to core samples collected in 
Passaic River via Roanoke Ave. vicinity of Roanoke Ave. 
Sewer. CSO. 

No onsite dioxin sampling 

Chemical and/or Process 

Phthalic Anhydride, Phenyl 
ether, chlorobenzene, o
dichlorobenzene, maleic 
anhydride, 1 ,2,4-
trichlorobenzene. 
Repackaging and shipping of 
chemicals, manufacture of 
alkyd resins, polyesters and 

Dioxin Relationship 

plasticizers. Class Ill organic compounds 

18 Doremus Avenue, Newark, NJ 1970 - 1999 conducted. 2,4-dinitrophenol Class Ill organic compound 

Chemical Waste Management, Inc., 
19 107 Albert Avenue, Newark, NJ 

September 4, 2002 

Site is located directly on the 
Passaic River, site drainage via 
Harrison Creek storm sewer and 
direct runoff. 

2,3,7,8-TCDD detected@ 
8.45 ppb in core samples ( 
207) collected in vicinity of 
Harrison Creek outfall. 

2,4-dinitrophenol Class Ill organic compound 
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Sources of Dioxin in t.RSA and PRRI Areas 

Name ofPRP 
Years of Operation I Discharge 
Routes 

Hummel Chemical Company, Inc., Roanoke Ave. Storm sewer, from 

Dioxin Contamination 
(Site and Sediments) 

Foundry Street Complex, 185 Foundry ·drains on the Foundry St. complex No onsite dioxin sampling 
22 Street, Newark, NJ site. conducted. 

NL Spencer Kellog, Inc., 400 Doremus Adjacent to Passaic river at Plum 
23 Avenue, Newark, NJ Creek outfall. 

September 4, 2002 

2,3,7,8-TCDD detected in 
core samples collected in 
vicinity of Roanoke Ave. 
CSO. 

No dioxin sampling 
conducted at site. 

Chemical and/or Process 

2,4-Dinitrophenoxy-ethanol; 
3,5-Dinitrosalicylic acid; 
Hexachlorobenzene; Picric 
acid 

Numerous dioxin -associated 
compounds detected in site 
soil and sediment including 2,4 
- dichlorophenol and 2,4,6-
trichlorophenol 

Phthalic Anhydride 

unspecified dyes 

Dioxin Relationship 

Class Ill organic compound 

Class Ill organic compound 
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Sources of Dioxin in t.PRSA and PRRI Areas 

Name ofPRP 

Pittsburgh Plate Glass Company, Inc. 
(PPG), 29 Riverside Avenue, Newark, 

Years of Operation I Discharge 
Routes 

24 NJ 1921 - 1978 

September 4, 2002 

Adjacent to Passaic River at 
northern PRSA boundry. 

Dioxin Contamination 
(Site and Sediments) 

2,3,7,8-TCDD was detected 
at relatively high levels in 
core 10 adjacent to the site 
(up to 32 PPB) and Transect 

Chemical andlor Process 

Phthalic Anhydride. 

26 downstream from the site Unspecified Dyes and 
(up to 27 ppb.) Pigments 

Formulation and manufacture 
of various resins, pigments, 
linseed oil, paints, lacquer, 
enamels and varnishes. 

Dioxin Relationship 

Class Ill organic compounds 
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Name of PRP 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

~----- ------· --
Adjacent to Passaic River; site 
storm sewers drain to river; 

Monsanto Corporation, Foot of potential drainage from onsite No dioxin sampling Maelic Anhydride, 
25 Pennsylvania Ave., Kearny, NJ wastewater lagoons. conducted at site. chlorobenzene 

2,3,7,8-TCDD was detected 
at up to 4.4 ppb in sediment 
core 217 and at up to 0.83 
ppb in core 77A in the site 
vicinity. PVC production 

Product (STP) bleaching 

Albert Steel Drum, 338 Wilson Avenue, 
27 Newark, NJ Rear of Prentiss Drug site. Drum & Barrel Reclamation 

UMDNJ, Medical Building A-699, 100 
31 Bergen Street, Newark, NJ CSO case 2,4-dinitrophenol 

Omi International Corp. Sei-Rex, 75 
33 River Road, Nutley, NJ 2,4-dinitrophenol 

Town of Secaucus- Mill Creek 
Treatment Plant, Koelle Boulevard, 

39 Secaucus, NJ 2,4-dinitrophenol 

Pitt Consol Chemical Co., Inc./ Reilly 
Tar/ E. I. Dupont, 191 Doremus No dioxin sampling 

41 Avenue, Newark, NJ 1932- 1981 conducted at site. Picric acid 

September 4, 2002 

Dioxin Relationship 

Class Ill organic compounds 

Class Ill organic compound 

Class Ill organic compound 

Class Ill organic compound 

Class Ill organic compound 
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,. 
NameofPRP 

Hilton Davis(fhomasset, 120 Lister 

73 Avenue, Newark, NJ 

Sources of Dioxin in .RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Roanoke Ave. Sewer- illegal 
process discharges. 

Dioxin Contamination 
(Site and Sediments) 

2,3,7,8-TCDD detected in 
core samples collected in 
vicinity of Roanoke Ave. 
CSO. 

Site is immediately adjacent to the No dioxin sampling 
Passaic River conducted onsite. 

Significant dioxin 
contamination of sediments 

Chemical and/or Process 

Asphalt mixing plant 

Phthalic Anhydride, a
dichlorobenzene 

adjacent to site. Phthalocyanine dyes 

• 
Dioxin Relationship 

Class Ill organic compound 
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Name ofPRP 

Franklin Plastics/Congoleum Corp., 
78 113 Passaic Avenue, Kearny, NJ 

September 4, 2002 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Site is immadiately adjacent to the · 

Dioxin Contamination 
(Site and Sediments) 

Passaic River No dioxin samping onsite. 

2,3,7,8-TCDD was detected 
at relatively high levels 
adjacent to the site in cores 
284 and 296 --within the top 
20 PRSA hits. Other site 
contaminants were detected 
at similarly elevated 
concentrations in these 
samples. 

Chemical and/or Process 

PVC production 

Suspected use of fumaric acid 
and maleic anhydride based 
on Congoleum patents 

Use of dyes, pigments and 
printing inks 

Manuacturing builiding fires, 
use of waterproofing and 
fireproofing compounds 

Dioxin Relationship 

Class Ill Organic Compounds 
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Sources of Dioxin in .PRSA and PRRI Areas 

Name ofPRP 
Years of Operation I Discharge 
Routes 

Arkansas Chemical Co., 185 Foundry Roanoke Ave. CSO to Passaic 
101 St., Newark, NJ River 

Dioxin Contamination 
(Site and Sediments) 

No dioxin sampling 
conducted at site. 

2,3,7,8-TCDD detected in 
core samples collected in 
vicinity of Roanoke Ave. 
cso. 

Chemical and/or Process 

Dyes, pigments and printing 
inks 

Numerous dioxin - associated 
compounds detected in site 
soil and sediment including 2,4 
- dichlorophenol and 2,4,6 -
trichlorophenol. Additionally, 
pentachlorophenol and 1,2,4 
trichlorobenzene were detectd 

Dioxin Relati.onship 

in basement water. Class Ill organic compounds 

•p' .. ··,'.'.·~.·,·."","'.'.·.~.-,:·.·.: ..... '.'.·.'.s' .. '.'·s.'.·.'.'·.:•,'.··,•s' .... '.: ... o,•.=.=.-.u'.:··.• ... '.• ... c'.'.·.'.:... .. ''.·.'.""•.•=.,,·.····.A•.·.· .. '.·.·s.'.'.'.'.s' .. ''.·o·.,.·:·.·.'".·c' .... ,,':.·a' .. '' .. •t'.~.'.·.' .. ';;.s,.'·.· ... ' ... •,'.·w·.' .. '.• .. ·.·i'·.·.t' .. ·.h·.·, .. '.' .. :•,·o: .. ',.··.· .. ·.,•o·.·.·.·.·.x··•.·.• .. :.','n' .. '·.·.·.',.•··'.·.=n.·.·,'.,·.•.0.··,' .. ·.·.'P·.·,' .. ··,'.s•.''.:,' ,,,,,,.,,"' <•• ><••••< ·· · · · · ... ,,,,,,,,, ,,.,,,.,. ,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,, .,,,,,,,,,,, •• ,,,,.,..:::>••• ,,,,,,,,,,,,,....,.,..:• ,,.,, ,,,,,,,,,,,,,,,,,,,, •=u~~ 1:' ~ I; f::U: rn H?i) :::=::::;:):~=~=~=~=~=~== )~(: ~=~=~=~nn~}T!HHHH /iHHiHH~))!j)H H>UiU ;:;:;:::::::;::::::::::::~:~;::: ::::::::::;:::;;::::::::::~~::: =H~n;;;;n>;~;:; 
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Name of PRP 

Koppers Company, Inc., Maritime & 
42 Tyler Streets, Port Newark, NJ 

Koppers Company, Inc., Tar Products 
43 Division, Fish House Rd., Kearny, NJ 

PSE&G Hudson Generating Station, 
Duffield and Van Keuman Aves., 

44 Jersey City, NJ 

PSE&G Kearny Generating Station, 
foot of Hackensack Avenue, Kearny, 

45 NJ 

• Sources of Dioxin in t RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Storm sewers to North channel of 
Port Newark. 

Site is adjacent to Hackensack 
River. 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Creosote and wood 
preservation operation 

Asphalt mixing plant 

Coal combustion 

Coal combustion 

Oil Combustion 

PSE&G Essex Generating Station, 155 Low levels of 2,3,7,8-TCDD 
46 Raymond Blvd., Newark, NJ Site is adjacent to Passaic River. detected onsite. Boilers/Industrial Furnaces 

September 4, 2002 

2,3,7,8-TCDD was detected 
at up to 11.6 ppb in core 214 
in the site vicinity. Oil Combustion 

Coal combustion 

Dioxin Relationship 
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Name ofPRP 

PSE&G Harrison, South 4th Street, 
47 Harrison, NJ 

PSE&G former Market St. Gas Works, 
48 Market St., Newark, NJ 

PSE&G former Front St. Gas Works, 
49 McCarter Highway, Newark, NJ 

September 4, 2002 

Sources of Dioxin in .PRSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) 

No dioxin sampling 
conducted at site. 
Admission of "suspected" 
dioxin onsite in PVSC 

Site is adjacent to Passaic River. application. 

Site is adjacent to Passaic River. 

Site is adjacent to Passaic River. 

2,3,7,8-TCDD detected in 
cores in site vicinity. 

Chemical and/or Process 

Boilers/Industrial Furnaces 

Coal Combustion/gasification 

Boilers/Industrial Furnaces 

Coal Combustion/gasification 

Boilers/Industrial Furnaces 

Coal Combustion/gasification 

Dioxin Relationship 
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Sources of Dioxin in .RSA and PRRI Areas 

Name ofPRP 
Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

----------------------··· ----------·------ ---- --~------------ ---------- -· 

PSE&G former Coal St. Generating 
50 Plant. Coal St.. Newark, NJ 

PSE&G former City Dock Station, 
51 Penn Station. Newark. NJ 

PSE&G Bayonne Generating Station, 

Site is adjacent to Passaic River. 

Site is adjacent to Passaic River. 

52 Bayonne. NJ Kill Van Kull 
(former Hobart Ave. 

Gas Works) 

Crucible Steel Company, 1000 S. 
54 Fourth Street. Harrison. NJ 

Stanley Tools. 140 Chapel Street. 
55 Newark. NJ 

Standard Tank. 1 Ingham Road. 
j56 Bayonne, NJ 

September 4, 2002 

Boilers/Industrial Furnaces 

Coal Combustion/gasification 

Boilers/Industrial Furnaces 

Coal Combustion/gasification 

Coal combustion/gasification 

Foundry 

non-ferrous metal smelting 
and refining 

Electric Arc Furnaces 

Foundry 

Hazardous waste incineration 

Dioxin Relationship 
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Name of PRP 

MSLA 1 B (Keegan) Landfill, Foot of 
57 Bergen Avenue, Kearny, NJ 

PJP Landfill, 400 Sip Avenue, Jersey 
58 City, NJ 

Essex County Resource Recovery, 66 
59 Blanchard Street, Newark, NJ 

Englehard Industries, 1 West Central 
60 Avenue, East Newark, NJ 

Englehard Industries, 429 Delancy St., 
61 Newark 

Barth Smelting, Lister and Chapel 
62 Streets, Newark, NJ 

Hyatt Roller Bearing, 700 Frank E. 
63 Rodgers Blvd., Harrison, NJ 

164 Napp-Grecco, Route 21, Newark, NJ 

September 4, 2002 

Sources of Dioxin in RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Landfill fires 

Landfill fires 

Municipal Waste Incineration 

Chlorobenzene, 1 ,2-
Dichlorbenzene 

Non-ferrous metal 
smelting/refining 

Non-ferrous metal 
smelting/refining 

Non-ferrous metal 
smelting/refining, foundries 

Non-ferrous metal 
smelting/refining, foundries 

Asphalt Mixing Plant 

Dioxin Relationship 

Precursor, Class Ill Organic Compound 
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~· 
Name of PRP 

Exxon Bayway Refinery, Route 1, 
65 Linden, NJ 

Exxon Bayonne Plant, Foot of East 
66 22nd Street, Bayonne, NJ 

Sinclair Refining, Chapel St., Newark, 
67 NJ 

Triplex Oil Refining Co., Lister Ave., 
68 Newark 

Lucent Technologies (Western 
69 Electric), 100 Central Ave., Kearny, NJ 

Thomasett Colors, 338 Wilson Ave., 
70 Newark, NJ 

Cyanamid/Calco, 358 Wilson Avenue, 
71 Newark, NJ 

Sun Chemical Co., 185 Foundry 
72 Street, Newark, NJ 

74 Duralac, 84 Lister Avenue, Newark, NJ 

September 4, 2002 

Sources of Dioxin in .PRSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Petroleum Refining 

Petroleum Refining 

Petroleum Refining 

Petroleum Refining 

Scrap electric wire recovery 

Dyes, pigments and printing 
inks 

Dyes, pigments and printing 
inks 

Dyes, pigments and printing 
inks 

Dyes, pigments and printing 
inks 

e 
Dioxin Relationship 
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Name of PRP 

Benjamin Moore, 134 Lister Avenue, 
75 Newark, NJ 

Sherwin Williams Company, 60 Lister 
76 Avenue, Newark, NJ 

DuPont de Nemours, 256 Vanderpool 
77 Street, Newark, NJ 

September 4, 2002 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Dyes, pigments and printing 
inks 

Dyes, pigments and printing 
inks 

Dyes, pigments and printing 
inks 

Dioxin Relationship 
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Sources of Dioxin in RSA and PRRI Areas 

Name ofPRP 

, __ 

NJ Transit Meadows Yard, 1148 
79 Newark Turnpike, Kearny, NJ 

Conrail Oak Islands Yard, foot of Bay 
Ave. and Wheller Point Rd., Newark, 

80 NJ 

Years of Operation I Discharge 
Routes 

Site is immediately adjacent to 
Passaic river- Pumping station 
and Frank's Creek discharges. 

Direct outfall (bypass) to Newark 
Passaic Valley Sewerage Commission, Bay. Sludge loading, unloading 

81 600 Wilson Ave., Newark, NJ and willful discharge. 

September 4, 2002 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Runoff from railway and utility 
No dioxin sampling onsite. rights of way (to ditches) 

Sediments in area of site are 
signifiantly contaminated 
with dioxins. 

Runoff from railway and utility 
rights of way (to ditches) 

Wastewater treatment plants I 
municipal sludge 

Dioxin Relationship 
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Name ofPRP 

Alcan Aluminum Co., Tomkins 
Tidewater Terminal, 1 Jacobus Ave., 

82 South Kearny, NJ 

Whittaker, Clarke and Daniels, 
83 Jacobus Ave., South Kearny, NJ 

Schering Corp., 60 Orange Street, 
84 Bloomfield,NJ 

September 4, 2002 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Site is immediately adjacent to 

Dioxin Contamination 
(Site and Sediments) 

Passaic River; historical discharge No dioxin sampling 
of process-related wastes. conducted onsite. 

2,3,7,8-TCDD was detected 
at up to 17.4 ppb in 
sediment core 209 
downriver from the site, as 
well as upriver of the site. 
Other site contaminants 
were found at top twenty 
levels in these same 
samples. 

Chemical and/or Process 

PVC production, metal 
plating. 

Phthaloncyanine Dyes 

Hospital (medical waste) 
incineration 

Dioxin Relationship 
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Name of PRP 

Tri ~County Asphalt, foot of Sanford 
85 Ave., Kearny, NJ 

Kingsland Barrel & Drum, Doremus 
86 Ave., Port Newark 

Iron Oxide, 125 Front Street, Elizabeth 
87 NJ 

Columbus Hospital, 495 North 13th 
88 Street, Newark, NJ 

Newark Beth Israel Hospital, 201 
89 Lyons Avenue, Newark, NJ 

St. Michael's Medical Center, 306 MLK 
90 Boulevard, Newark, NJ 

The Hospital Center at Orange, 188 
91 South Essex Avenue, Orange, NJ 

West Hudson Hospital, 206 Bergen 
92 Avenue, Kearny, NJ 

St. Francis Hospital, 25 McWilliams 
93 Place, Jersey City, NJ 

September 4, 2002 

Sources of Dioxin in .PRSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Asphalt mixing plant 

Drum & Barrel Reclamation 

Ferrous metal smelting/refining 

Hospital (medical waste) 
incineration 

Hospital (nedical waste) 
incineration 

Hospital (medical waste) 
incineration 

Hospital (medical waste) 
Incineration 

Hospital (medical waste) 
incineration 

Hospital (medical waste) 
inciineration 

• 
Dioxin Relationship 

"- ---- -- ~ ~ -
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Name of PRP 

Irvington General Hospital, 832 
94 Chancellor Avenue, Irvington, NJ 

East Orange General Hospital, 300 
95 Central Avenue, East Orange, NJ 

Clara Maas Hospital, 1 Clara Mass 
96 Drive, Belleville, NJ 

Jersey City Sewerage Authority, Rt. 
97 440 and Kellog St., Jersey City, NJ 

ICI Americas, 229 E. 22nd St., 
98 Bayonne, NJ 

Commercial Solvents Corporation, 
99 Foot of Blanchard St., Newark, NJ 

Naporano Iron & Metals, 146 China 
100 St., Port Newark. 

September 4, 2002 

Sources of Dioxin in .PRSA and PRRI Areas 

Years of Operation I Discharge Dioxin Cont?mination 
Routes (Site and Sediments) Chemical and/or Process 

Hospital (medical waste) 
incineration 

Hospital (medical waste) 
incineration 

Hospital (medical waste) 
incineration 

Sewage Sludge Incineration 

Wastewater treatment 
plants/municipal sludge 

Hazardous Waste Incineration 

Scrap electric wire 
recovery/scrap metal 
reclamation 

Scrap electric wire 
recovery/scrap metal 
reclamation 

• 
Dioxin Relationship 
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Name ofPRP 

102 Rose Color, Blanchard St., Newark, NJ 

Conrail Waverly Yards, Bessemer & 
103 Haynes Streets, Newark, NJ 

Conrail Greenville - Tropicana Yards, 9 
104 Linden Ave., Jersey City, NJ 

Garden State Paper Co., Inc., 950 
105 River Drive, Garfield NJ 

Marcal Paper Mills, Inc. 1 Market St., 
106 Elmwood Park, NJ 

Clifton Paper Board Co. I Whippany 
Paper Board Co., 1 Ackerman Ave., 

107 Clifton, NJ 

Newark Boxboard Co., 17 Blanchard 
1 08 St., Newark, NJ 

September 4, 2002 

Sources of Dioxin in t.RSA and PRRI Areas 

Years of Operation I Discharge 
Routes 

Dioxin Contamination 
(Site and Sediments) Chemical and/or Process 

Dyes, pigments and printing 
inks 

Runoff from railway and utility 
rights of way (to ditches) 

Runoff from railway and utility 
rights of way (to ditches) 

Pulp I Paper mills 

Pulp I Paper mills 

Pulp I Paper mills 

Pulp I Paper mills 

e 
Dioxin Relationship 
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Index of Priority Dioxin PRP Case Summaries 

A - Prentiss Drug & Chemical Cmnpany & Site Figures 

B- Alliance Chemical Company & Site Figures 

C - BASF \Vyandotte Corporation & Site Figures 

D- Arkansas Chemical/Hummel & Site Figures 

E - Bayonne Barrel & Dnnn C01npany & Site Figures 

F- Public Service Electric & Gas (PSE&G) Essex Generating 
Station & Site Figures 

G - Essex County Resource Recovery Facility & Site Figures 

H- Thomasett Color/Hilton Davis, Inc. & Site Figures 

I - l\1ontrose Chemical Con1pany & Site Figures 

J- Givaudan-Roure Corporation & Site Figures 
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Prentiss Drug & Che~nical Co., 

LOCATION: 

OPERATIONS: 

DIOXIN 
RELATIONSHIP: 

The Prentiss Drug & Chemical Company (Prentiss) site, 
approxim:1tely 9-Jcres in size, is located at 338 Wilson Avenue in 
Ne\\·ark Essex County, New Jersey. 

Commencing in 1956, the Prentiss operations at the site centered on 
the formulation and blending of a variety of pesticides, rodenticides 
and herbicides. These products included, but were not limited to, 
aldrin, chlordane, diazanone, DDT, DDVP, dieldrin, endrin, 
heptachlor, lindane, methoxychlor and warfarin. Prentiss was located 
at the site until circa 1982, when the company moved its Newark 
operations to Georgia. 

The site was originally operated by American Cyanamid Company
and irs predecessor Cal co Chemical Company- starting from prior to 
1939 through approximately 1950. Between 1951 and 1956, and at 
various time from that point to present, the site was utilized as a 
multi-tenant manufacturing complex. 

Other historical, non-Prentiss, operators and operations at the site 
have included dye production (American Cyanamid), drum 
reconditioning (Albert Steel Drum), chemical manufacturing (Troy 
Chemical and also Welch Homes & Clark) and waste disposal and 
landfilling operations (Cuba Brothers, Fiore and also Courtesy 
Container). The City of Newark Housing and Redevelopment 
Authority reportedly has owned the property from 1977 to present. 

The production of halogenated hydrocarbon pesticides, such as those 
pesticides produced at the Prentiss facility, is often associated with 
the by-product production of dioxin. 

For example, pentachlorophenol was utilized as a raw material in the 
pesticide production at the Prentiss facility. Pentachlorophenol is 
listed by the USEPA as USEPA as a Class I pesticide chemical. 
Further, Lindane, one of the pesticide final products produced at the 
Prentiss operation, is listed by the USEPA as a Class II pesticide 
chemical. 

2,3,7,8-TCDD was historically generated as a manufacturing by
product from the Prentiss pesticide production operations and 
subsequently discharged to site soils and to the on-site Pearson's 
Creek surface waterway . 
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Prentiss Drug & Chernical Continued 

DISCHARGE 
ROUTES: 

DIOXIN 
CONTAMINATION: 

Direct Discharges to Pearson's Creek: 
Documentation indicates that a network of concrete lined drainage 
trenches at the Prentiss facility were routed into an exterior drainage 
ditch which in tum was routed into Pearson's Creek. Ofnote, these 
concrete lined trenches were reportedly cracked in various locations. 
Process discharges, air emissions, spills and leaks collected via these 
concrete trenches would have been routed to the drainage ditch, then 
to Pearson's Creek and ultimately discharged into Newark Bay. 

On-site Flooding: 
The Prentiss site has been documented to have routinely flooded after 
rain e\·ents due to surface water backing up from the on-site Pearson's 
Creek \\ ater\\"ay. The advancing and receding floodwaters from 
Pearson's Creek would have served to transport hazardous substances 
from site process areas, raw materials, stored products, and site soils 
into Pearson's Creek and ultimately to Newark Bay. 

Sampling of soils at the Prentiss site has served to document the 
presence of2,3,7,8-TCDD contamination at the site. The levels of 
TCDD contamination in the site soils ranged from non-detect to 214 
PPB. 

TCDD was also detected in the sediments of the Pearson's Creek 
waterway that traverses the Prentiss site. The concentration of TCDD 
in the Pearson's Creek sediments ranged from 0.2 to 0.9 PPB. 

Further, TCDD has been identified to be present in the sediments of 
Newark Bay, located adjacent to the outfall of Pearson's Creek into 
the bay. TCDD contamination in the bay sediments near the 
Pearson's Creek outfall ranged from 0.18 to 0.55 PPB. 

The presence of elevated concentrations of TCDD in the Prentiss site 
soils, in conjunction with known elevated TCDD sediment 
contamination in both Pearson's Creek and in Newark Bay, supports 
the historical transportation of hazardous materials from the Prentiss 
site to Newark Bay. Specifically, it documents that TCDD 
contamination from the historical Prentiss operations, has been 
transported via the Pearson's Creek waterway and deposited into 
Newark Bay. 

Other hazardous substances known to be present in soils at the 
Prentiss site have been documented in sediments of the Pearson's 
Creek waterway and in Newark Bay. These hazardous substances 
include, but are not limited to, chlordane, dieldrin, ODE, endrin and 
PCBs. This fact further supports the historical transport of hazardous 
substances from Prentiss' operations to Newark Bay via Pearson's 
Creek . 
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Prentiss Drug & Chemical Continued 

REFERENCES: Please refer to Appendix A for the following: 

Tab# Date Description 

AI 7/17/80 Industrial Work Order for Prentiss Drug & 
Chemical 

A2 8/12/80 Passaic Valley Sewerage Commissioners, 
Sewer Connection Application for Prentiss 
Drug & Chemical Co., Inc. 

A3 8/15/80 Letter from Richard Miller, Executive VP of 
Prentiss, to Frank D' Ascensio, Supervisor of 
Industrial Waste, Passaic Valley Sewerage 
Commissioners 

A4 2/13/81 Letter from Richard Miller of Prentiss, to 
Vincent Olivo, Technician for Passaic Valley 
Sewerage Commissioners 

AS 2/20/81 Certified-Return Receipt of above Jetter 

• A6 9/1/83 Letter from Richard Miller of Prentiss, to 
Edward Stevenson, Manager, Industrial Survey 
Project, NJDEP. Attached is a selected 
substance report 

A7 12/85 Phase II Dioxin Site Investigation Final Report, 
Prentiss Drug & Chem. Co., Inc. by NJDEP 

A8 I 0/92 Feasibility Study Report for Albert Steel 
Drum/Prentiss and Chemical Site, submitted to 
NJDEP 

A9 3/93 Phase II Remedial Investigation Report for 
Albert Steel Drum/Prentiss and Chemical Site, 
submitted to NJDEP 

AIO Undated Prentiss Drug and Chemical Company, General 
Infom1ation and Site History 

• 
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Alliance Che~nical Company /r 
Pfister Chemical Co~npany, In~c. 

LOCATION: 

OPER~ TIONS: 

DIOXIN 
RELATIONSHIP: 

DISCHARGE 
ROUTES: 

The Alliance Chemical Company Site is located at 33 Avenue P, 
Newark, NJ approximately Y2 mile from the Passaic River. 

Alliance manufactured specialty organic chemicals including: dyes, 
diazo compounds, zinc compounds and pigments from raw materials. 
Alliance reportedly began operations at the site in the 1930s time 
period. As of 1965, the Alliance Chemical Company was acquired by 
Pfister Chemical Company. From 1965, Alliance Chemical 
continued to operate at the Newark site as an operating division of 
Pfister Chemical. The Alliance operations were discontinued as of 
2000. 

Alliance is known to have stored, used and/or produced hazardous 
substances associated with the generation of dioxin. 

• Alliance manufach1red USEPA Class II organic compounds 
2-chloro-1 ,4-diethoxy-5-nitrobenzene and 5-chloro-2,4-
diethoxyaniline. 

• Alliance utilized US EPA Class III organic compound I ,2,4-
trichlorobenzene. 

• USEPA Class I organic compounds; 2,4-dichlorophenol and 2,4,5-
trichlorophenol were identified in site soil/sediment in the former 
process waste discharge area. 

Chemical manufacturing processes utilized in the production of dyes, 
pigments and inks- including those processes known to have been 
utilized by Alliance- have been reported by the USEPA as being 
strongly associated with the by-product generation of dioxin and 
furan compounds. 

Alliance discharged process effluent to Plum Creek until 1970. Plum 
Creek is a tributary of the Passaic River. Unlined site trenches, 
wastewater lagoons and a facility pond were all reported as being part 
of an effluent collection system that is known to have historically 
discharged to the creek. As early as 1948, Alliance reportedly 
discharged an unspecified yellO\v-colored liquid to a storm ditch 
leading o Plum Creek. There are also numerous historical 
documented instances of Plum Creek flooding the Alliance site during 
storm events. 
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Alliance Che1nical!P{ister Chemical Continued 

DISCHARGE 
ROUTES 
CONTINUED: 

In 1970, Alliance was connected to the Passaic Valley Sewerage 
Commission (PVSC) sanitary sewer system. It is likely that even after 
the PVSC connection, effluent from Alliance continued to enter the 
Passaic River by way of overflow from the Roanoke A venue 
combined sewer outfall. 

DIOXIN Onsite sampling conducted on site in 1989 by NJDEP detected 
CONTAMINATION: concentrations of 2,4,5-trichlorophenol, 2,4-dichlorophenol and 1 ,2,4-

trichlorobenzene at depth in the area of the onsite lagoon and trench 
fom1erly used by Alliance for waste disposal. The samples were not 
analyzed for dioxin. Sampling conducted for dioxin in 1985, as 
requested by USEPA, was negative for locations elsewhere onsite. 
However, samples planned for the former lagoon area and trench 

REFERENCES: 

were not collected. 

2,3,7,8-TCDD has been detected in samples for Plum Creek and the 
Passaic River in the vicinity of the Alliance site outfalls and discharge 
pathways. Additionally, significant concentrations of other site 
contaminants have been detected in Plum Creek and PRSA 
sediments, including a "top twenty" detect of 1 ,2,4-trichlorobenzene. 

Please refer to Appendix 8 for the following: 

Tab# Date 

81 1/ll/66 

82 1/20/66 

83 12/18/69 

84 12/24/69 

85 3/21/72 

86 3/27/72 

Description 

Letter from Major F.R. Ulrich (A.C.E), to 
Alliance Color & Chemical Company 

Letter from Alliance Color & Chemical Co., 
to Major F.R. Ulrich (A.C.E) 

Letter from Passaic Valley Sewerage 
Commissioners, to Judson Mer! (Plant 
Engineer) of Pfister Chemical Inc. 

Memo from Pfister Chemical Inc. to Jud 
Mer!. 

Letter from Richard Leonard (Plant Manager 
-Alliance), to Sam Friscia, Director of 
Public Works, Newark 

Letter from Richard Leonard of Alliance to 
Edwin Barnhart of Hydroscience Inc . 

September 4, 2002 2 



Alliance Chernical!Pfister Chemical Continued 

87 4/11/72 Requisition/Purchase Order from Richard 
Leonard of Alliance to Tim Sullivan of 
Hydroscience 

88 5/4/72 Letter from Tim Sullivan of Hydroscience, 
Inc. to Richard Leonard of Alliance 

89 5110172 Waste Eftluent Survey from Passaic River 
Sewerage Commissioners noting Alliance 
Chemical Inc.'s water usage and plant waste. 

BlO 6/21/72 Letter from Richard Leonard of Alliance to 
Sam Friscia, Director of Public Works, 
Newark 

B11 6/27/72 Letter from Richard Leonard of Alliance to 
The Mayor of Newark, Kenneth Gibson 

812 1/24/90 Summary- Alliance Color and Chemical 
Company, General Information and Site 
History 

813 1128/94 Letter from Fredi Pearlmutter of Kerby, 
Cooper, English, Danis & Garvin, 
Counselors at Law to Lance Richman of the 
Emergency & Remedial Response Division 
of the U.S. Environmental Protection 
Agency 

814 818101 Letter from Charles Ilsley, Jr. (Manager 
Environmental Affairs) of Pfister Chemical 
Inc., to Darryl Jennus (Chief Field 
Verification Section) of the Bureau of 
Discharge Prevention, NJDEP 

815 8117/01 Letter from Charles Ilsley, Jr. of Pfister to 
Christopher Lucien (Project Engineer) of the 
Bureau of Discharge Prevention, NJ 
Department of Environmental Protection 
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e BASF Wyandotte Corporation 

• 

LOCATION: 

OPERATIONS: 

DIOXIN 
RELATIONSHIP: 

DISCHARGE 
ROUTES: 

Located at 50 Central Avenue, Kearny, New Jersey. The BASF site is 
on the east bank of the Passaic River at Newark Bay. 

BASF operated at this site from 1966 to 1990. Prior to 1966, the site 
was operated by the United Cork Companies for the manufacture of 
cork and polystyrene products. The United Cork Companies was 
ultimately acquired by and merged into BASF. BASF manufactured a 
variety of chemical products, including plastics, dyestuffs and various 
chemicals and chemical intermediaries. The main product manufactured 
by BASF at this site was Phthalic Anhydride (PA). 

Hazardous substances stored, used or produced at the facility include the 
following Class III organic compounds: phthalic anhydride, 
benzaldehyde and 2,4-dinitrophenol. 

Onsite activities suspected to contribute to dioxin contamination 
include, building fires (1920s ), industrial waste incineration, cork 
bleaching, steam pressing and the manufacture of unspecified dyes. 

Municipal Sanitary Wastewater Discharges 
BASF historically discharged its sanitary wastewaters to the municipal 
sanitary sewer system of the Town of Kearny. 

Process \Vastewater Discharges to Incinerator 
From 1966-1971, BASF incinerated all process water and contaminated 
storm water in its on-site hazardous waste incinerator. Evaporation 
ponds were constructed in the southern end of the site and used from 
1971-1976 to reduce the volume of wastewater materials incinerated in 
the on-site incinerator. 

Facility \Vastewater Treatment Plant 
From 1976-1990, BASF completed and operated a Wastewater 
Pretreatment Facility (WPF) in the area of the evaporation ponds. 
Process wastewater from the Dye and PA plants, and contaminated 
ston11 water, was routed to the WPF for pretreatment prior to being 
discharged to the Kearny MUA. Effluent from the WPF was discharged 
to the Kearny MUA. The collected sludge from the WPF was 
incinerated on-site up until closure of the incinerator in 1989. 

Non-Contact Cooling Water Discharges 
Non-contact water generated from the facility's boiler room and PA 
plant was discharged directly to the Passaic River via a New Jersey 
Pollution Discharge Elimination System (NJPDES) permitted Discharge 
to Surface Water (DSW) permit. 
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BASF Continued 

DIOXIN 
CONTAMINATIO 
N: 

REFERENCES: 

On site samples were not analyzed for dioxins. Core samples adjacent to 
the site and upstream from the site indicate the presence of2,3,7,8-
TCDD in concentrations of0.094 ppb and 4.56 ppb respectively. 

The areas where the core samples were taken are also heavily 
contaminated with other compounds associated with the site. 

Please refer to Appendix C for the following: 

Tab# Date 

Cl 1965 

C2 Undated 

C3 1972 

C4 Undated 

C5 Circa 
1/30/74 

C6 4/26/90 

C7 Circa 
5/89 

C8 8/90 

C9 8/90 

ClO 8/90 

Cll 8/90 

Cl2 4/21/93 

Cl3 1128/94 

Description 

Poor's Register of Corporations, Directors and 
Executives, US & Canada. 

Data on Individual Products to be Manufactured. 

List of Chemicals Used. 

Lists of Equipment; storage tanks, bed processing. 

Report on BASF history and methods of disposal. 

Hazardous Waste Generator Annual Report ( 1989) 
Certification Form -Report from BASF to the NJ 
Department of Environmental Protection. 

Notice of Final Denial of a Hazardous Waste 
Incinerator Permit Application from NJDEP to BASF. 

BASF Spill Location Plan, O'Brian & Gere 
Engineers, Inc. 

BASF Sanitary Sewer Plan, O'Brian & Gere 
Engineers, Inc. 

BASF Storm Sewer Plan, O'Brian & Gere Engineers. 

BASF Process Sewer Plan, O'Brian & Gere 
Engineers, Inc. 

Letter to Dale Webster, BASF from NJDEP. 

Letter to Lance Richman, Emergency and Remedwl 
Response Division, U.S. EPA, from David Schneider 
of Bressler, Amery & Ross, Counselors at Law; 
attached is BASF Corporation's response to a request 
for infom1ation . 
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BASF Continued 

C14 11/30/95 Letter from Nancy Martin, Senior Attorney BASF 
Corporation to Lance Richman, Emergency and 
Remedial Response Division, U.S. EPA Attached is 
BASF's response to a request for Information from 
11/6/95. 

C 15 I 0/98 Remedial Action Work Plan for BASF Corporation's 
Kearny, New Jersey Facility, Prepared by Dames & 
Moore . 
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Arkansas ChernicaliHuinlnel 
Chemical 
LOCATION: 

OPERATIONS: 

DIOXIN 
RELATIONSHIP: 

DISCHARGE 
ROUTES: 

The Arkansas Chemical/Hummel Chemical site is located at the Foundry Street 
Complex, 185 Foundry Street, Newark, NJ at river mile 0.2 .. 

From 1943-1983 Arkansas Chemical manufactured chemicals for the rextile 
industry including dyes, pigments and printing inks on site. 

Hummel Chemical Company operated a chemical warehouse and distribution 
center on-site from the mid 1950s to the late 1960s. Facility operations were 
reported to have also included the grinding of nitrates. Hummel supplied 
chemicals to the pyrotechnics industry. Though only limited information is 
available regarding Hummel's operations on site, it is probable that they 
included the reaction and mixing of chemicals in the powdered form. 

Chemical manufacturing processes known to have been utilized by borh 
Arkansas Chemical and by Hummel- specifically those processes centering on 
the manufacture of dyes, pigments and inks- are reported to be strongly 
associated with the by-product generation of dioxin and furan compounds. 

In 1980, USEPA reported the former Hummel Chemical facility at the Foundry 
Street Complex to have been a producer of several US EPA Class III organic 
compounds- specifically 2,4 -Dinitrophenoxyethanol; 3,5-Dinitrosalic:ylic 
acid; Hexachlorobenzene; and Picric acid. 

Reportedly, on October 14, 1988, four soil samples were collected from the 
Foundry Street Complex and analyzed for 2,3,7,8-TCDD. However, and 
pertinent to the identification of dioxin sources, none of the October 1988 soil 
samples were collected from any areas believed to have been utilized as 
process areas by Hummel Chemical. 

Arkansas Chemical reportedly discharged effluent to city storm sewers along 
Foundry Street via covered ditches. The Foundry Street storm sewers were, in 
tum, routed into the Roanoke Avenue sewer. The Roanoke Avenue sewer line 
historically served as a combined sewer outfall that allowed for the combined 
discharge of sanitary and stom1 waters directly to the Passaic River. 

Via the Roanoke A venue sewer line and outfall, the storm drains at the 
complex discharged to the Passaic River and allowed for the migration of 
chemicals spilled onsite to the river. Reportedly, storm drains on site would 
frequently flood during periods of heavy rain, redistributing contamination 
through out the site . 
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Arkansas Chemical/Hummel Chemical Continued 

DIOXIN 
CONTAMINATION: 

REFERENCES: 

Numerous dioxin-associated compounds - including 2,4-dichlorophenol and 
2,4,6-trichlorophenol - were detected in sampling of site soils, groundwater and 
sediments. 

Furthem1ore, USEPA Class III dioxin precursors, pentachlorophenol a.nd I ,2,4-
trichlorobenzene, were detected during sampling of on-site basement waters at 
the Arkansas site. 

2,3,7,8-TCDD was detected in core samples taken in the vicinity ofthe 
Roanoke Avenue CSO. Other contaminants that were identified in sampling of 
site soils, groundwater and sediments were also identified in sediment:> sampled 
in the vicinity of the Roanoke Avenue outfall. 

Please refer to Appendix D for the following: 

Tab# 

Dl 

D2 

D3 

D4 

D5 

Date Description 

11115/90 Memorandum from Paul Smith, NJDEP, to Foundry 
Street Complex File. In re: Site Inspection on 
11/7/90. 

4/3/91 Memorandum from Doug Stewart, NJDEP, to Linda 
Grayson, NJDEP. In re: Responsible Party 
Investigation, Foundry Street Complex. 

5/20/91 NJDEP Case Transfer Report 

Undated USEPA Preliminary Assessment- Potential Ha:~ardous 
Waste Site. 

8/15/9 Memo from Paul Smith to File: Addendum to 
Foundry Street Complex Party Investigative Report. 

September 4, 2002 2 
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Bayonne Barrel & Dru1n Co. 

LOCATION: 

OPERATIONS: 

DIOXIN 
RELATIONSHIP: 

DISCHARGE 
ROUTES: 

The Bayonne Barrel & Drum Company (BB&D) Superfund Site is 
located at 150-154 Raymond Boulevard, Newark, NJ. The site lies 
within 2000 feet of the Passaic River. Harrison Creek, a tributary to 
the Passaic River, historically flows along the eastem border of the 
property and discharges to the Passaic River. 

While BB&D began operations in the early 1940's, a predecessor 
drum conditioning concern was in operation at the site as of circa 
1931. BB&D filed for bankruptcy in July 1982, and discontinued 
operations in September 1983. BB&D's operations consisted of the 
reconditioning of steel drums using caustic solution, steel shot 
abrasive, incineration, and paint. 

High temperature combustion processes historically utilized at the 
BB&D site- specifically those processes involved in dmm and barrel 
reclamation- are reported to be strongly associated with the by
product production of dioxin and furan compounds. This association 
is strongly supported by the detection of numerous dioxin and furan 
compounds during USEPA-supervised soil and groundwater sampling 
activities at the BB&D NPL site. 

Harrison Creek, a tributary to the Passaic River, originally ran through 
the BB&D property on a route adjacent to facility waste lagoons. On
site ditches and waste lagoons were historically routed and discharged 
to the creek. Harrison Creek was reportedly diverted in approximately 
January 1948 to the eastem border of the property, and may have been 
realigned again in the early 1950s when the NJ Turnpike Authority 
acquired parcels of the property from BB&D for constmction of the 
NJ Turnpike. The settling lagoon was filled in and a wastewater 
settlement tank was constructed and in use as of 1957-1958. As of 
1959, the waste lagoons were filled in and drainage ditches at the 
eastem edge of the site drained to a "liquid-filled trench" adjacent to 
the old lagoon location. 

By January 1973, the BB&D operation's industrial wastewater was 
discharged to an 80 foot settling sluice and holding tanks before being 
released into the sanitary sewer to PVSC. A 1980 USEPA report 
noted that site run-off water drains to Harrison Creek and Lawyers 
Creek "which are now enclosed in stom1 water culverts." The 
approximate I% slope towards the north/northeast allows collection of 
nmoff to drain along the eastern border of the site . 
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Bayonne Barrel & Drum Cornpany Continued 

-· EIO 6/2/88 RCRA Enforcement Inspection ofBB&D: 
Prepared by Michael Feniola, 
Environmental Scientist Source Monitoring 
Section. 

Ell I 0/24/88 U.S. Environmental Protection Agency; 
Preliminary Assessment of BB&D. 

E12 12/2/88 Site Inspection Review of BB&D submitted 
by Edward Gaven, NJDEP Bureau of 
Planning and Assessment. 

El3 9/30/92 Letter summarizing the Site Inspection 
Prioritization Evaluation of BB&D from 
Gary Bielen, Site Manager, John Rieckhoff, 
Pre-Remedial Program Manager and Dennis 
Stainken, \Vork Assignment Manager to 
Sandra Foose, USEPA. 

El4 3/26/97 Letter from William Lee, Environmental 
Project Manager, de Maximis, inc., to 
Joseph Cosentino, USEPA enclosing 
Bayonne Bane! and Drum Site- Soil 
Investigation Report, by BBL . 

• EIS Undated Figure showing Soil Sampling Locations of 
BB&D. 

EI6 7/6/01 Letter from Richard Caspe, Director, 
Emergency and Remedial Response 
Division USEPA, to Recipients. Attached 
is a list of Potentially Responsible Parties. 

El7 1946- Correspondence from Passaic Valley 
1959 Sewerage Commissioners documenting 

pollution of Harrison Creek. 

El8 7/86 Soils and Ground Water Characterization 
prepared by Dan Raviv Associates, Inc. 

El9 12/86 Report by Louis Berger & associates 
submitted to New Jersey Turnpike 
Authority, "Results of Preliminary 
Investigations." 

• 
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Public Service Electric & Gas 
(PSE&G) Essex Generating 
Station 

LOCATION: 

OPERt\TIONS: 

DIOXIN 
RELATIONSHIP: 

DISCHARGE 
ROUTES: 

The PSE&G Essex Generating Station is located at !55 Raymond 
Boulevard, Newark, NJ 0710 I. The facility is situated on the west 
bank of the Passaic River at site study area river mile !.0. 

PSE&G has operated the Essex Generating Station from 
approximately 1915 to present. The facility, described as an 
electrical generating station, has historically utilized the buming of 
coal, natural gas and/or oil to power electricity-producing turbine 
machinery at the site. The station originally used coal-fired boilers 
to power the turbines but switched to nah1ral gas and oil (kerosene) 
in the 1960s- most likely !963. Transformers are used at the station 
to transfer the energy from the turbine generators to distribution 
networks. 

Onsite activities that are suspected to have contributed to dioxin 
contamination include, the use of boilers and industrial fumaces, and 
the combustion of coal and oil. PSE&G has also admitted in 
documentation to the USEP A to the historical use of PCB
containing products at the Essex Generating Station. 

Processes centering on high temperature combustion -such as those 
utilized at the PSE&G Essex facility in its ( 1) coal combustion; (2) 
boilers and industrial furnaces; (3) in its oil combustion; and (4) in 
the inadvertent combustion of PCB products- have all been reported 
as being strongly associated with the production of dioxin 
compounds. 

The facility is known to have had a historical drainage ditch system 
that discharged to the Passaic River in addition to its five NPDES
permitted outfalls which discharge to the Passaic River. Non
contact cooling water, boiler blowdown, and storm water/surface 
run-off collected on-site are routed into these outfalls to the Passaic 
River. 

Because the PSE&G Essex Generating Station is located directly on 
the Passaic River. Storm water and surface run-off serves as a 
mechanism for transporting contaminated media directly to the 
Passaic River. Site flooding conditions also serve as a mechanism 
for transporting contaminants spilled, leaked or discharged onto site 
soils into the Passaic River. 
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PSE&G Essex Generating Station Continued 

DIOXIN Low levels of2,3,7,8-TCDD contamination have been detected 
CONTAMINATION: during limited soil sampling at the PSE&G Essex Generating Station 

site. 

REFERENCES: 

The 2,3,7,8-TCDD contamination- ranging in levels from non
detect to 3.2 PPB- was detected during soil sampling under the 
present-day NJ Tumpike bridge, but in an area that was fonnerly part 
ofthe PSE&G Essex facility until at least 1965. This limited 
sampling activity comprises the only known dioxin sampling at the 
PSE&G Essex site to date. 

2,3,7,8-TCDD was detected at up to 11.6 ppb in core 214 in the 
vicinity of the PSE&G site. 

Please refer to Appendix F for the following: 

Tab# Date Description 

Fl 1973 Annual Report by Chief Engineer S.A. 
Lubetkin to the Passaic Valley Sewerage 
Commissioners. 

F2 1114/76 Laboratory Report from Passaic Valley 
Sewerage Commissioners of PSE&G. 

F3 1121/76 Letter from S.A. Lubetkin of Passaic Valley 
Sewerage Commissioners, to C. E. Maginn, 
Jr., Division Superintendent- Essex, PSE&G. 

F4 1/27/76 Letter from J. F. Schwanhausser, Division 
Superintendent- Elizabeth PSE&G, to S.A. 
Lubetkin, Passaic Valley Sewerage 
Commissioners. 

F5 3115/76 Memo from Passaic Valley Sewerage 
Commissioners concerning monthly reports 
for Jan. & Feb., 1976. 

F6 2/26/80 Laboratory Report of PSE&G storm sewer, 
from Passaic Valley Sewerage 
Commissioners. 

F7 I /28/91 NJDEP Communications Center Notification 
Report. 

F8 1131/91 Notice of Violation from NJDEP, to PSE&G. 

September 4, 2002 2 



PSE&G Essex Generating Station Continued 

• F9 3/20/91 Memo from NJ Department of Law and 
Public Safety, to Assistant Director for 
Enforcement Division of Water Resources & 
Assistant Director of Hazardous Waste 
Management. Attached is an investigation 
report ofPSE&G. 

FlO 1950 Sanbom Map. 

Fll 2/23/91 NJDEP Investigative Report. 

• 

• 
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Essex County Resource Recovery 
Facility I American Ref-Fuel, Inc. 

LOCATION: 

OPERt\TIONS: 

DIOXIN 
RELATIONSHIP: 

DISCHARGE 
ROUTES: 

DIOXIN 
CONTAMINATION: 

September 4, 2002 

The Essex County Resource Recovery Facility (ECRRF) is located 
at 66 Blanchard Street in Newark, NJ on the south/western bank of 
the Passaic River. 

Operated by American Ref-Fuel, Inc., the ECRRF facility has served 
as a municipal waste incineration plant on the Blanchard Street site 
since approximately 1990. 

Facility operations consist of the receipt, sorting, processing and 
incineration of municipal solid waste- with the ultimate sale of the 
resultant energy from the waste burning to PSE&G. 

As reported by the USEPA, high temperature combustion processes 
are reported to be strongly associated with the by-product production 
of dioxin and furan compounds. Relative to the ECRR facility, 
municipal waste incineration- an operation which centers on the use 
of high tempera hire combustion- is known to be associated with the 
generation of dioxin compounds. 

As a permit requirement for operation of the municipal waste 
incinerator, ECRRF is required by the New Jersey Department of 
Environmental Protection ("NJDEP") to test for the presence of 
2,3,7,8-TCDD in all ash piles generated from the incinerator. 

Two onsite ditches, the Central Ditch and the West Ditch, discharge 
directly to the Passaic River. A portion of the site (the southeastern 
corner) is drained via Lawyer's Creek. 

NJDEP has documented low levels of2,3,7,8-TCDD in sampling of 
the ECRRF ash piles during testing conducted from 1995 to the 
present. During these ash pile-sampling events, concentrations of 
2,3,7,8,TCDD have been detected at concentrations ranging from 
non-detect to 0.10 PPB. 

Also of note, USEPA Class III dioxin precursor organic compounds, 
including chlorobenzene and I ,2-dichlorobenzene, have also been 
detected during historical soil and groundwater sampling activities at 
the site . 



Essex County Resource Recovery Facility Continued 

• REFERENCES: Please refer to Appendix G for the following: 

Tab# Date Description 

GI 91!3/84 Memo from John Bielamowicz, 
Environmental Scientist NJDEP, to File-Essex 
County Resource Recovery Facility 
Application Re: Discharge Permits. 

G2 Undated Map of site. 

G3 I 0/29/84 Interoffice Memo from Mark Gmzlovic 
NJDEP, to Vince Krisak Re: 
Recommendations & Case Status. 

G4 I 0/31184 Directive letter from NJDEP, to Milton Buck 
-Executive Director, Newark Redevelopment 
and Housing Authority Re: Violation. 

G5 2/6/85 Interoffice Memo from NJDEP to File Re: site 
inspection. 

G6 8/I6/85 Letter from Riker, Danzig, Scherer, Hyland & 

• Pen·eti, to Joseph Rogalski, Assistant 
Director- Div. Of waste management, NJDEP. 

G7 5/27/88 Letter from US Testing Company, Inc., to 
Betty Boros, NJDEP. 

G8 6/22/88 Letter from NJDEP to Thomas Spurkowsky, 
Site Manager Amer. Ref-fuel Re: Compliance 
Evaluation Inspection. 

G9 4/8/91 Letter from John Waffenschmidt-Asst. 
Director of Environmental Compliance-Amer. 
Ref-fuel, to Robert Oberthaler-NJDEP. 

GIO I2/l/92 NJDEP Administrative Consent Order. 

Gil 6/2!193 Letter from NJDEP, to Assistant Director 
Env. Compliance for Amer. Ref-fuel Re: 
Compliance Evaluation Inspection. 

Gl2 9/30/93 Letter from NJDEP, to American Fuel Co. of 
Essex, Re: Violation of Effluent Limits or 
Parameter Reporting Requirements. I. 
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Thornasett Color/Hilton Davis 

LOCATION: 

OPERATIONS: 

DIOXIN 
RELATIONSHIP: 

DISCHARGE 
ROUTES: 

September 4, 2002 

The Thomasett/Hilton Davis site is located at 120 Lister Avenue, 
adjacent to the Passaic River. 

Colorants that were marketed to the automotive, cosmetics, textile and 
drug industries were manufactured at this site. The primary products 
manufactured include phthalocyanine blue pigments, phthalocyanine 
green pigments, transoxides and dmg and cosmetic grade pigments. 

Hazardous substances stored, used or produced at the facility include 
USEPA Class Ill organic compounds phthalic anhydride and o
dichlorobenzene. 

The processes utilized by Thomasett/Hilton Davis in Newark for the 
manufacture of phthalocyanine dyes have been reported to be strong)y 
associated with the by-product production of dioxins and furans 
compounds. This association is supported by findings published by 
EPA in 1986 that dioxin and furan by-products, in addition to PCBs, 
are in fact, known to be generated during the production of 
phthalocyanine dyes . 

Direct discharges of process water to the Passaic River have 
historically occurred at the site, as documented by the Passaic Valley 
Sewerage Commissioners ("PVSC"). PVSC has documented a 
number of direct process wastewater discharges to the Passaic River 
that have historically occurred at the rear of the riverfront-located 
Thomasett/Hilton Davis site. 

It is also documented in former employee witness affidavits that, 
during the 1950's time period, a "false sewer system" was installed 
onsite and historically utilized as a means to directly discharge proce~;s 
wastewater from the facility to the Passaic River. 

Process spills and leaks at the Thomasett/Hilton Davis facility 
reportedly discharged to the Passaic River via the municipal storm 
sewer system located on Lister A venue. This stom1 sewer discharged 
to the Passaic River at the Brown Street outfall prior to the 1970s and 
at Lockwood Street after the early 1970s. 

It is reported that during heavy rains, water would back up onto the 
Thomasett/Hilton Davis site through the facility catch basins. During 
these flood periods, the water would reportedly also discharge to the 
Passaic River through the City of Newark Stom1 Sewer on Lister 
Avenue . 
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Thoma.sett Color I Hilton Da.uis Continued, 

DIOXIN No dioxin soil sampling is known to have been conducted to-date at 
CONTAMINATION: the site. However, there is evidence of significant dioxin 

contamination in the sediments of the PRSA located directly adjacent 
to the Thomasett/Hilton Davis Newark site. 

REFERENCES: Please refer to Appendix H for the following: 

Tab# Date Description 

HI 7/30/56 Weekly Summary of Inspections for Thomasett 
Color Chemical Co. 

H2 8/20/56 Weekly Summary of Inspections for Thomasett 
Color Chemical Co. 

H3 1971 Annual Report by S.A. Lubetkin to the Passaic: 
Valley Sewerage Commissioners. 

H4 5/16/79 On-Site Material Storage. 

H5 10/29/86 ECRA initial notice, General Information 
Submission Form from H.D. Lockwood, VP of 
Hilton-Davis, to NJDEP. 

H6 2/23/87 ECRA Site Evaluation Submission from Irving 
Cohen, President of Enviro-Sciences, Inc. to 
NJDEP. 

H7 6/18/96 Memo from Steve Huntley of Chem Risk, to 
Amanda Birrell! of Vinson & Elkins and Rick 
McNutt of Max us. Attached is a report of PCB 
and PCDD/F discharge into Passaic by Hilton-
Davis. 

H8 6/19/96 Letter from Amanda Birrell of Vinson & Elkins, 
Attorneys, to Amelia Wagner ofUSEPA. 

H9 Undated List of Raw Materials Inventory for Hilton 
Davis. 

HlO Undated Hilton Davis Raw Materials Inventory. 

HI! 3/27/96 Affidavit of former Hilton Davis employee 
Robert Malone . 

September 4, 2002 2 



• 

• 

---

',.·I 

LEGEND: 

CSO OUTFALL 

SHORELINE/DISCHARGE ROUTE 

APPROXIMATE FACILITY BOUNDARY 

Rl SAMPLING TRANSECT 

C SEDIMENT SAMPLING LOCATION 

61AA 
y 1992 CORE SEDIMENT INVESTIGATION 

94A 
0 1993 (JULY) CORE SEDIMENT INVESTIGATION 

> 
X: 0999-4 )((XJ.OYG 
l: ~=•. a=f=~EP 
P: SID-PAGESET/N' 

FLOW DIRECTION 

08/27/02 SYR-5•-GI.IS SOL LAF 
099'3«123/099!HBIB.DWC 

' -- .. 

GRAPHIC SCALE 

SITE LOCATION MAP 

THOMASETT COLOR/ Hll. TON 
DAVIS, INC. FACILITV 





-· 

• 

• 

Montrose Chemical Co~npany 

LOCATION: 

OPER<\. TIONS: 

DIOXIN 
RELATIONSHIP: 

September 4, 2002 

The t\lontrose Chemical Company site is located at I 00 Lister 
A venue, Newark, NJ. The site is bounded by industrial properties 
adjacent to the Passaic River on the north and by Lister A venue to 
the south. 

Montrose Chemical- (parent company is Chris Craft, Inc.)
operated at the site from 1943 to I 974. The site is currently being 
operated by Chemical Waste Management of New Jersey, Inc.
(preYious\y known as SCA Chemical, Inc.) -as a hazardous waste 
transfer, storage, recovery and treatment facility. 

Montrose Chemical manufactured a variety of chemical products at 
the site, including chlorinated herbicides, pesticides, fuel and rubber 
additives, food and dmg products and various chemical 
intermediates. Montrose products included, but were not limited to: 

• I ,2,4-Trichlorobenzene 

• 2,4,5-T 

• 2,4-D 

• Bis(2-ethylhexyl) phthalate 

• DDT 

• Dichlorobenzene 

• Hexachlorobenzene 

• Lindane 

• Tricresyl phosphate 

• Other pesticides and herbicides 

Many of the products used and manufactured at the Montrose site 
are associated with the formation of Dioxins. 

• Montrose manufactured USEPA Class I organic compounds 
2,4-D and 2,4,5-T. 

• Montrose manufactured USEPA Class II pesticide chemical 
Lindane. 

• Montrose manufactured USEP A Class III organic 
compounds 1 ,2,4-Trichlorobenzene; Dichlorobenzene and 
Hexachlorobenzene. 

• Montrose utilized USEPA regulated dioxin precursor 
compound chlorobenzene as a raw material in its operations. 

Reportedly 2,3,7,8-TCDD was generated as a manufacturing by
product and subsequently discharged along with the effluent from 
washing and settling steps utilized in on-site manufacturing 
processes. 
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Montrose Chemical Continued 

DISCHARGE 
ROUTES: 

Direct discharges to the Passaic River reportedly occurred at the rear 
of the facility and at the tem1inus of the local storm sewers at Brown 
and Lockwood Streets. Interviews with fonner employees indicate 
direct discharges to the Passaic River at the rear of the facility until 
appro:\imately 1978. Employee interviews, as conducted by USEPA, 
and documentation indicates that wooden stonn sewers onsite 
discharged to either the storm sewer, combined sewer or both 
located on Lister A venue. This storm sewer discharged to the 
Passaic River at the Brown Street outfall prior to the 1970s and at 
the Lockwood Street outfall after the early 1970s. 

Erosion of contaminated soil is likely to have occurred on site during 
Passaic River flooding. Advancing and receding floodwaters would 
serve as a mechanism for the transport of soil contamination from 
the site to the Passaic River. 

DIOXIN 2,3,7,8-TCDD contamination was detected in PRSA sediments 
CONTAMINATION: directly adjacent to the Montrose site at various levels ranging to 

5300 ppb. A concentration of 240 ppb was detected in the vicinity 
of the Lockwood Street outfall. 

REFERENCES: Please refer to Appendix I for the following: 

September 4, 2002 

Tab# Date Description 

I I 7/21/93 Affidavit of fonner Montrose employee Oscar 
Randall. 

I2 7/21/93 Affidavit offom1er Montrose employee 
Kelsey T. Brown. 

I3 7/27/93 Affidavit offonner Montrose employee S.H. 
Koved. 

I4 6/983 Letter from S. Koved toR. Goldstein, Health 
Commissioner, NJ Department of Health, re: 
site hazards. 

IS 1937- Various Newark Industrial Directories 
1964 

16 1125/93 Chris Craft Industries' Response to EPA 
Information Request Letter. 

!7 12/15/93 Chris Craft Industries' Response to Second 
EPA Infom1ation Request Letter. 

2 



Montrose Chemical Continued 

-· IS 1011914 Figure entitled Plan of Lister Agricultural 
Chemical Works. 

I9 05/05/43 Figure entitled Survey of 60- 120 Lister 
Avenue. 

IIO 1/7/65 Storm Sewer Map and Sanitary Sewer Map, # 
9G & 9H, by Porter Armstrong for Newark 
Housing Authority. 

Ill 1971 (?) City of Newark, Department of Public Works. 
''As-Is" Plans on Lister Avenue Sewer 
Improvements. 

I 12 3/27/96 Affidavit of former Thomasett/Hilton Davis 
employee Robert Malone. 

I 13 1/9/78 PVSC Industrial Sewer Connection Pem1it for 
Earthline Company, concerning Lister 
A venue stonn and sanitary sewer cross 
connections, with attached 12/8/77 letter from 
City of Newark to PVSC re: permit 
application. 

• Il4 1971 - Excerpts from PVSC Annual Reports for 
1974 1971, 1972, 1973 and 1974 concerning Brown 

and Lockwood Street stom1 sewers. 

I 15 Excerpts from Chemical Waste Management 
Remedial Investigation Report- with 
associated documents concerning on-site 
environmental conditions at the former 
Montrose/Chris Craft site . 

• 
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Givaudan-Roure Corporation 

LOCATION: 

OPERA. TIONS: 

DIOXIN 
RELATIONSHIP: 

DISCHARGE 
ROUTES: 

The GiYaudan Rourc Company/Givaudan Chemical Company 
(GiYaudan) site is located at 125 Dclawanna AYenue in Clifton, 
Passaic County, New Jersey. 

From approximately 1905 through 1998, Givaudan has produced 
specialty, aromatic, flavor and fragrance chemicals at the Clifton site. 

GiYaudan began it operations at the site on a lease basis beginning in 
approximately 1905 and eventually purchased the entire property by 
the early-1930's time period. Of note, between 194 7 and 1984, 
GiYaudan produced the antibacterial chemical Hexachlorophene 
(under the"Isobac 20'' product name) at the site. The Givaudan 
operations \\Ue discontinued at the Clifton site in approximately mid-
1998. 

The historical manufacturing of Hexachlorophene/Isobac 20 and other 
products at the Givaudan Clifton facility was known to utilize 
hazardous substances associated with the fom1ation of dioxin. These 
dioxin associated compounds include the following: 

• USEPA Class I organic compound 2,4,5-Trichlorophenol 
(2,4,5-TCP) which was produced on-site from 194 7 through 
1949, and which was utilized as a raw material feedstock in 
the on-site manufacture of Hexachlorophene from 194 7 
through !984. 

o USEPA Class I organic compound 2,4-Dichlorophenol which 
was also utilized as a raw material at the site. 

• USEPA Class III organic compounds Benzaldehyde and 
Fumaric acid. 

Historical discharge mechanisms from the Givaudan site were reported 
to include the following: 

1. Direct process discharges via the original "chemical 
sewer" system installed at the facility in 194 7. Process 
wastewater was collected and treated on-site before bein:s 
discharged to the chemical sewer and ultimately into a 
pond in the Third River, a tributary of the Passaic River. 
In 1985 a new chemical sewer, which included secondary 
containment, was installed and replaced part of the 
original chemical sewer system. 
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Givaudan-Roure Corporation 

2. Direct discharges of process wastewater to the Clifton 
sanitary sewer system. Frequent sewer line breaks were 
reported to have occurred in this sewer line, historically 
resulting in the discharge of process wastewater to the 
Third River. 

3. Majority of onsite stonn water is collected and 
discharged into an on-site retention pond. This pond 
allows for the discharge of contaminants to site 
groundwater. 

4. Storm water in a portion ofthe site historically 
discharged to a municipal Clifton stonn sewer, and in 
tum, to the Third River. 

5. Stonn water in another portion of the site is directed via a 
trench into a Clifton stom1 sewer that discharges to the Passai·~ 
River. 

DIOXIN Givaudan produced Hexachlorophene in Building #'s 58, 59, 60, 68, 
CONTAMINATION: 168, (from late 1940's), and Building# 9, (since early 1970's). 

Trichlorophenol was produced in Building #'s 54 & 60. 

Levels of 2,3,7,8 TCDD soil contamination were detected at 
concentrations ranging up to 200 ppb in the former process/production 
area, outside of Building# 54. This sampling location is situated above 
the chemical sewer line. Elevated concentrations of 2,3,7 ,8 TCDD 
were also found in areas of the eastem portion of the site, including 
immediately adjacent to the storm water retention pond. 

2,3,7,8 TCDD was four1d at concentrations up to 18.79 ppb (estimated) 
under various site buildings, (Building #'s 93, 95, 168 & 60), with 
concentrations of 2,3,7,8 TCDD exceeding 2 ppb being detected in 
samples from as deep as 23- to 24-feet below ground surface. 

The former drum storage area was located in the southeastern portion 
of the site, near Building #93, \Vhich showed 2,3,7,8 TCDD levels in 
excess of 7ppb. This area was adjacent to the storm water retention 
pond. 

An Amended Consent Order was issued in February 1988, which, 
allowed Givaudan to perform limited excavation and remediation of 
contaminated soil within the Contaminated Process Area, Sample Area 
G-Il, and to containerize contaminated soils on-site until appropriate 
treatment technologies became available 

The 2,3,7,8 TCDD contamination detected in site soil- during those 
site investigations performed prior to ISRA-related site activities- was 
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Givaudan-Roure Corporation 

REFERENCES: 

excavated (to 1 ppb) and placed in an on-site containment cell. That 
containment cell was completed in December 1996. 

Please refer to Appendix J for the following: 

Tab # Date Description 

J I 1992 Givaudan Site Summary, taken from "Site 
Status Report" booklet, By NJDEP. 

J2 4/2175 Waste Eftluent Survey ofGivaudan Corporation 
for Passaic Valley Sewerage Commissioners, 
includes Laboratory Analysis, sample for 
Givaudan Corp., from International Hydronics 
Corporation. 

J3 7/26/83 Letter from William Hyatt, Jr., Pitney Hardin 
Kipp & Szuch, to Michael Catania, NJDEP, 
enclosing Givaudan's inforn1ation response re: 
trichlorophenol and hexachlorophene historical 
production. 

14 1191 NJDEP Approved, TCDD Investigation Report 
and Limited Investigation Report. 

15 12113/91 Letter from David Sweeny ofNJDEP, to Len 
Levy of Givaudan Corp. 

16 11/3/95 Letter from William Friedman of Brach, 
Eichler, Rosenberg, Silver, Bernstein, Hammer 
& Glads tone, to Robert Tavares, Chief Legal 
Counsel, Givaudan-Roure Corp. 

J7 11/9/95 Letter from Leonard Levy, Director, Site 
Remediation Givaudan Corp., to Joseph Karpa, 
Division of Responsible Party Site Remediation 
NJDEP. 

J8 5/30/96 Letter from Leonard Levy of Givaudan Corp., to 
Maria Franco-Spera, Division of Responsible 
Party Site Remediation, NJDEP. 

19 9/20183 Letter from CFM Inc., to Givaudan Corp., 
enclosing Chemical Sewer Investigation Report 
for Givaudan Corp., 9/20/83. (second page of 
letter missing, report attached). 

J 10 Various Annual reports from PVSC re: sewer line 
breaks/incidents and related correspondence. 
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Givaudan-Roure Corporation 

• J II 1/29/92 Givaudan site map for delineated TCDD Areas 
and sample locations produced by ERM, Inc. 

Jl2 6/30170 Plant sewer map-Givaudan Corp. 

JI3 7/15/98 Phase Ill Remedial Investigation for Ground 
Water, Volume l, Givaudan-Roure Corp. 

Jl4 6/23/99 Letter from Richard Wroblewski of ERM, to 
Maria Franco-Spera ofNJDEP. 

Jl5 6/17/83 Executive Order #488 Re: Dioxin Emergency at 
Gi\·audan Clifton Site. 

JI6 3/5/87 Administrative Consent Order- Ground Water. 

117 3/5/87 Administrative Consent Order TCDD. 

Jl8 2116/88 Amended Administrative Consent Order TCDD. 

JI9 Undated City of Clifton Storm and Sanitary Sewer maps. 

J20 7114199 Letter from Eugene Thomas, Givaudan, to 

• Maria Franco-Spera, NJDEP, re: deed 
notice and restrictions. 

121 5116/01 Letter from David Johnson, Givaudan, to Rober1 
Schinn, NJDEP, re: sale ofGivaudan plant site 
in Clifton. 

122 6/4/02 Letter from John Hogue, ERM, to Maria 
Franco-Spera, NJDEP, re: biennial 
certification/sale ofGivaudan's Clifton 
property. 

123 4100 ERM Remedial Action Work Plan for Soils, 
(excerpts). 

J24 3/1/00 ERM Draft Remedial Action Report, (excerpts). 

125 8/15/78 Killam Heavy Metal Source Determination 
Study. 

126 April Givaudan's Plans for Discharge Prevention, 
1985 Containment and Countermeasure and 

Discharge Cleanup and Removal. 

• 127 1983 Givaudan's Stormwater Drainage Patterns-
details re: connection to County Street sewer. 
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Givaudan-Roure Corporation 

J28 4/25/91 Letter from L.A. Levy, Givaudan, to Nicholas 
Eisenhauser, re: excess TCDD levels. 

J29 6/22/83 NJDEP Internal Memorandum, D. Schrier to E. 
Liu re: review ofGivaudan file concerning 
dioxin formation. 

J30 2/00 ERM Sewer Decommissioning Repmi, 
(excerpts). 

J31 9/4/96 Letter from Leonard Levy ofGivaudan Corp., to 
Maria Franco-Spera, NJDEP. 

J32 6130170 Annotated figure highlighted with on-site 
chemical, stom1 and sanitary sewer systems . 

• 

• 
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SECTION 3 

SOURCES OF DIOXINS 

This scrtio~ discusses i:-~ detail the po>siblc sources of d!oxiH~. The tirst 
stob . .;,:ction de.< I' "ith the l•JSic organic chcmirdls "i•h the rrcat<>t potential fc,r 
byvroduct fnrnt:.Jtion of d11.n.ins. Sub~~4'':'1!l subsection~ c:ta111inc:- ch:ororl1cnols 
.1 nJ 1hcir dcri 1·.1ti \·o. he 'Jchlor£11'-<-n.'c nc. d~t)).in., in pa rl i~..·uia lc t:f ir cmiHiuns {rom 
n•mbustion. d~t.l\in> in pla\lic. :.nd din.<inl pr<>Juccd fnr re>o<C:I. 

ORGA!'\IC CH£1\~lCALS 

&cause nf the very hrrc number of or~Jnic ron1pounds and their •·Jr):n_g 
procli,·itic.< to fr.rrr. dinx:~>. trc compound; were scrcrn:d initially on the t;a,!s of 
molecular structure. p:o ... ·c.) . .; scquc:tcc. ;tnd commercial signifiL"ancc . 

.As a mc.~ns 0~ f0<:u<~ng all~ntior. on tho>< (>rganic chcmic•h mos1 likely to be 
alsoci31cd •nth the :·orn;:rtion of diox""· they were placed in the following 
c!Jssific>!Lions.: 

f~·-Pc>lyhai.Jgcn;:.ocd phcnois. primJrily "ith :. halogen urtho to the 
h:,·drMyl ~roup .... -it h a r.ij!.~ poh~ Liliry of d io~ in f<>rmation. PruJ UCIS wit r. ~~rh 
co~po:.;c.c; appear:,,~ as i~tcrm«li~lc< zrc zl~o consiJcrrd. ~1anulacturc of 
lhe-\t rr..Jl(!"i:d~ n•)rm~il,:· in\·O!\·cs f("J.C!ioO ctlnJ'i~iC'n~ of dc\·3trd tcm;-ocrJiurc.· 
r:u> either zlbhnity o: frrr hal,>gcn pre>cncc, citheo of which is conJu~ive to 
for;~ation d h"l•.>:cc.atcd dioxins. 

~-Or~ho-!JJiophcno:~ ar.d ortho-haiophcnyl ether; where th: 
substiturcd s:roups arc a mi~tur,· of halogens anrl nonhalorcn1. Prc.c.:s,iny. 
conditions arc simi!Jr Ill thchc defined for Class I anJ prodece mi.,cJ 
substituted dioxins. 1 he dis;inC~ion between Cla~ses I and II is arbitrary ana 
c'.xs not indi<A r necessarily a difference in lixclihO<>d of dioxin lorrn.1ti<.n. 

Cz<s Ill-Other chemicals having the possibiliry. hut less lilclihood. of 
dio:;in lorr..ation. Th"c includ.: I) ort;-,o substituted arom,tic co:llpt•u~J, 
rcqlliring an UI1CH:al rombi,utin:-a nr rcaclion steps lO prc.du(c Uiox.ins. 2) 
aromatic compound> that migi1t form dio~ ins bcra U'< o; I heir prnductinn under 
scmicomhuqion condi1ions. and J) products that mi~:ht con:•in dioxins by way 
of cont.ar.1ination of I heir ~·taning matcri:als. 

Sin<:c only cumm::rciall)· signific:>r.t product' arc of interest in thi> 'tudy. •he 
listint is limited to those produced in quJnt;tics in ocess of 1000 pound; per year 
::ndtor •xhoK s..1lc~ ro-:h SIOOO per J·car. as required for liqin~ in the St.l:>ford 
Kcscarch lnstit;..:c D.r~ctory ..,f ChcmicJI !'rod :Jeers. The product li,ts arc t>a>ec 
oo commercial ;•roducti0n Jurin~ tee past 10 yors. 

Table 7 li!ls and c!Jssi(ics cOI!II'!CrciJI .~rganic ch<mic~l< <ckc'lcd ~~ ha<·ing J 
relationship to cio..;r.l fvronJtio~ or prC\COce. Structllre> arc ~ho~ n for Cla<sc; I 
and II. the chcnticals 0f primary ir.1portance. Cla>l Ill cun.pocnJ, arc li,;cd by 
rume only. I~ ?.ddition. TJbks A 1-5 in t\pp:ndi\ .-\ ~ivc further i~formJtion on 
the prodllccl! :tnd prodJction sites of organ•c ch.:miol>. 

Most of the or~anic chemial> consir1crcd Jrc· "•cd as m>nufaeturin~ 
intcrmcdia:cs '>' ;,: lcJst ar• subj:crcd to Sl.bsc'-!ucnt forr.1ubtit>n 0r f:tbr:c:.tic>n. 
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Thus funhcr procwi~g may introcucc additional po>sibilitics for clioxin 
f ormJtion. contam:nJtion. and oposurc not conic mrb ted wirhin the scope of rhis 
II u~ y. 

To.,icity of!~: m.tny suh,:itutcJ dibcnlo-p-<li<nins \U;cs "iJcly. ~nne arc 
ocluJcJ from "''n,iJnJ!ivn h:rc since <li>P'<'p"nion~tion and other compl'>il ivn 
shill> ntl)' brio~ about chanj:n I rom lowc.r l<l\icit_y i·Jrms to hi£ her t!luscr 1~76). 

The intcnd:d rcJCtion mcch>ni>rns for czch C'll\.l I organic chemical arc shu·•·11 
in Ft£urcs 2 t~ruu~h 12: T~e >C'l''cn,·c is 1hown frn111 left to right'"""' the l<>p of 
c.Ji.."h fi~urc. ~rd lhC' =-''")ihk tJio\in !rli<k fC'.JCtio:t nH.:-ch:~nisrn din·rJ..:) hJ rypic:d 
dio,in b) proJuq, >I the boliL'<n of the. lt~urc. TP.c ~pccific dioxin proJu,·t, ,l""'n 
~rc thu.'c [c>r w~-t.:h rca,.~n>bly str.lightfor\lJtd mc.:hani,,ns CJn he po,tubtcd.lri 
m.1ny CHC'i murc C1Jmplc.\ ~:tnJ )~l'UnJzry ffiC~h:..~ni:"nl\ n:J)" pr~H1 1 1Cl' di0.\111) in 
•ddition to th0;c shown. 

TABLE 7. ORGANIC CH~MICALS RELATED TO DIOXIN FORMATION 

Cbul 

HRGY.O- 2. 5 · 0 I CHLORilf'HfNCL 

2.4-D!BR~Orf.fXOL 

'l. J·DICHLOROP~[WOL 

OH 

Ac1 
Cly 

Br . 

OH 

Ac1 
v 

F 

Br Br Br Br 

B•*O*B' 
Br Br Br Br 

OH 

ABr 
y 

sr 

OH 

).__ - Cl 
(j "'Y 
~CI 

- .. '- ------------~----
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TABlE 7 (continued) 
. ! 

g Cl•u I (continve.:ll 

~ 
I. ~ 

i:~ 
9 
.;.; 2.4-0ICHLOROPH~HOL 

I 

2,5-DICHLOROPHE~Ql 

/ 

I 
/. l. 6-DICHLDROI'rlEiiOL 

3.<-0ICHlCRGrnthOL 
.·.: 

~-· ,.., 

2.~.6-T~IEP.~O?Ht~OL 

(cont•nved) 

'· 
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TABLE 7 (continued) 

Cl•" l(conl;nuod) 
-------------------------

OH 

2.~.S-1RICHLCROPH[H0L q 
(' 

Ct 

Cl•u II 

OC 2H5 

6o OW) PH Eli ETG L E 0"' ,-0 

D-BRDWOPHENCL OH 

0"' ,-0 

·)~/-_ OC2Hs 

~~Cl 2-CHluRO-l.~·ViElhuXY-5-NlTROBEHZEHE -

0 2N 

OC 2H5 

NH2 

5-CKLGR0-1.~-DIWoiHOXl·AHiliH~ ~~OCH0 
Cl 

OCH3 

OH 

Q'CI CHLOROP.TDROOUIKOHE 
,-0 

OH 

. ~ \ . 
loonlonve<J) 
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TABLE 7 (continued) 

Clou II (conlin~d) 

0-CH~OROf'P.E~OL 

2-CKLO~u-4-PHEHrLFhEnOL 

HHlORCRESORC IY.Ol 

2. 6-D 18~Cii'1-H I TROPn~~Ol 

3,5-0ICflLOROSHICHIC ACID 

2,6-011000-4-HITROPKEHOL 

(continuoc) 
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OH 

6 CI 
. 

. 

Cl Hob-o 
OH 

A VoH 
· Cl 

Ol-1 

BrABr y 
N~ 

x~H 
.CI~CI 

OH 

IAl y 

l . 
. . ~ 
·-·t 

i ~ 
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TABLE 7 !continued) 

Cllu It (cvntinu~) ---------------------------

J ,5-DIIOOOSALIC!LIC JCIO 

o-monom 1 soLE 

HLUCRO?Hl~GL 

COCH 

b OH 
I 

r r 

OH 

~f: 
u 

T ETR~CHLORGS I SPti[~Ol· .I 

Ch CH3 Cl 

HO~?'_p('OH 
Cl CH~ 

Ct. will 

3 -Amlnc.-5-chloro-2 -hydro.~:yt:..eruef\esulfon'c ac•d 
2 .;._ml(")o-4 -chforo-6 -rulrophenol 

o-An,s•d•no 
B•nzatcohyde 
Bromoben/!!r.t 
o-etomoftuur~nl~nt 

Jconl.nued) 
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T h6LE 7 (continued) 

o .( h!N ofluorC\..."'t!n: en a 
3 .( ~lo:o- 4 ·lluoro -nitrob<: nzono 

J. Chk .. rC~-4 -lh:crc-~hen.:>r 
4. ~hbr a· 2 · nit:Q\lht!nal 

Chlor o~f"'IJ fluort't:w.J n:eno 

2.4 ·Dit.Jrorr.olluor.::>t...en:end 
3.4 -D•chloroandir.e 

o · Dtc0:ot c. ben: ~ne 

3.4 ·D•c hl•>ro!:>en" ldehyd<l 

3.4 · Oi.-:hlorc.rU-un!Oif!Chlorida 

3.4 -O~ct'lL .. \•oben:(•:ri!luvridtl' 

l .2 -Ore h!otu -~ ·n•:roben: ene 

3,4 · ::k h :orophen) 1: soqa nate 

3.4 -Od!lJOtoant!P1e 

o-Ddluc·r~enz•:ne 

1.2 -Dih)·:Jro<yt'<:nzcnc-3.5 -disulfonic acid. disodium s.lt 

2.5- 0JhyUro.r::yt.'eilzen~ sulf.:>n•c a c1d 

2.5-0itwdro,y'..><n!enesut:onic acid, J>Oiassiu;n salt 
2.4 ·D•n•trophl!nol 

2,4 · Din•:• ophe noxye !hanoi 

3.5-0;r~itrcsaltcylic zcid 

Fuml!nC .ec•d 

He xa bromobenrene 

H('..:achl:.r~r.une 

Hex:lllur)tO~f\...'t"ne 

Meld•< •=><J 
/l..~altic 3n~rdricte 

(1-r~lltoJn•so:e 

2 ·N 1\1 o-p ·CI e sol 

D·Nlttophenol 

PP. nta~r\lr.o.x:hlorocyclohex. a ne 

P~n!JNC meei~y!~~e n ze Otl 

Pont dbromotolvenc 

Pe ntachlor o.a nd1n' 

Pd nt a fJuOf0-3 n• irne 

o·Phen:t1d1~. 

Phenol (f1o.n chlo•ot>enzone) 

1-Phef\.01·2-~ulfon.c ac•d. Cormaldehyd-6 cond.an,clle 

Pheny~ t':her 

Phtnat.c a~hy,jri<Y-

-. Picric: v.:id 
Sod1um p•crate 

1 r.tJah.romophthahc anhydri<lo 

1 ,2. 4.5· T c:r ach lo•obt nze ne 

Tel• a chlor0hthal;c anhydndo 

Tetra fluc·r v·m ·pt•en)"le ned•a m1 ne 

T r ibr OfTivt·enz~r.e 

1.2.4 -Trichlcxob<~zene 

2.4 .C-T t;r.r:rore s.orc•nol 
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FiQure 2. Prop:>.scd reao::tion mec:hdnrsm for dio-..n forffiatron 

In lh' p<Q<:lVCIIOn or 4-b<On>0-2.5-dochloropheno/ . 
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figure 3. Prop:Jsed roa.:lion mechllni:m lor dtox1n lorrr.a!lon 
in the procluctoOII of 2 -chforo-4 ·lluoro~!'lenof. 
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Figure 4. Proposed reaction mechanism for dio<in formation 
in tho production ol deca~romoohenoxybenzene. 
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1.1 • Cil.lC'W'ri(lj,Jl 

OH OH 6 nc, 

~,' \ ¢u"' I 

Br 

DIK(I IWIG?o('-JLI 

\ 
0 

¢u"' + DIH(! )IOICI)i'><(>Oil E•JICilS 

Br 

O ooBr 
1"-:: + 

0 ,0-
Br 

1.1-liOO 

FiQure G. Prop."Js-ed reaction mechanisM for diox.in formation. 
Ill the produ.;:lion o( 2,4·dJbfOrTI~'Dhen-:.:. 
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PESTICIDE CIIEMICAI.S 

p,·,ticiJo ~rc I~C 100>t Sifllifll:ant )!fOUfl of organic Ch~mi.;als '" relation I-' 

·Jioxin '"curro:n(C. Thi> )t:!tcnoellt i.; l>l,~J 11n the structure ~nd rcao:tio~ 

mrch:.~ni";--;l :.SJ1J!•'n, fCJ(tiun Ct~r,J!tion\, t.fctcCtcJ pr1.'~CIH..'C o( J:l'X.ins in:! numbrr 
of .:"Jntrr.~·;c;JI rc,li~·id~· p(Oducl\. =.fr.J !i hi'lnry of cnvin.lnr.rcnl.:zi comatnlnal;~oH! 
rruhlcnli. plni.-ullrl,· with trichi.H<>ph.;nol Jnd 2.~,5-T. 

Chlntin:ncJ JihriiJo.l-p-Ciu:\in) arc lnt~wn to be prc-..cnt in at lea~: tr:.ti."C J~H)Unh 

ir1 J r.um~tr t)( poli\·i~c •.:hc:t::it:;Jh. 1 hcsc induJc 2.~.5-T. )il\t:\. 2 . ..t-O. crb0n. 

""' nc. \)\I I',\, r<>nncl. tctr"tl Jl ''n. 3 ~,j the 'a r iuu, chi oro phc.1<1!s ( Fi,h t->ci n I~ 7 J 1. 
In <idJtlllln, th:: chcmir:d ~tructuh.'S. rc:.~ct:lHI), ;tnd ptt.\(C')~ conJit:on'\ for a 
I!Umhu ~)r ,Hh~r:\ i;1Ji(;.;IC Uio.\in COJ\t~nt rtl[Cnii~t. 

1 hi> >tud•: dol; '"th pr,,Juctiu~ of the ba,i~: pc>ticiJr rhcrnirah. l hu> i1 dU<i 

nni aJt.lro-;. fHt)hkm.~ cf dio.\in fornutwn pussihly resulting lrtlm formutJuon. 
s!uupc. Cr~lri~ution. :trid ut:tit~(hln ur th: pc)ti~iJc~. Jf '·'PlhU!'C 10 J!k;dir.c 
fnfll!Jfil'O n:\.·Uta ur c!narctJ lcmi 1Cfaturr:-. 1o;:, (m:uuntcrcU in :..n\· n:" 1!1•.: cJiH:-r~ 

fHVccCt:rC') L1r hJrrUii:-J.t: ;:~nd u~~ of lhc'SC p<:)ticiJl'). dio.\in Jo1m~1wn rould Pc.: 
!lifni(icrnt prnbkm. 

5<'/roi,lll and C/vs•ifircJinn 

The p<>ticiJc chcr~i,·;ds w•:rr >dc'tcJ lot nalu>tion in I hi, >iudy on the ba,is .>f 
mo!c(l ::,r '!ru,·lt!rC, lrc.HT1 th\l.....C li:•aC'J as l'lll~1111crcial pc!\tindo in lhL" )"";.rm 

Chc,;li.:<tls Ha:u.l~O\\\... Tt:c pr1m:try criterion wa; an urt~o-h::.!n;'!~C!10~ic•llPJ,.Iu.-<. 
or the ccril·~ti\C r<tcr> ~r:.J ~alts thcrcl1f. AI~.() consirlcrcd \L'CIC l'rthu 'J::talo 
~ronutir strunun:s. \l.hil·h cnnrci,atdy cot.J:J LUn\Crt to phrnoh upon c:")~'>Urc :v 
allali~~ Lu:-~ditiuns 

A :n·conJ rritUH10 ~.H a min_ir.~urn comiTl~rci:.d prudu~I;Oi) ln~l or 1000 puunJs 

N .SIIXJO \:Jiue per yor. These '''""fl'>nd tu the minimum kwl~ :cqurrcJ f;>r 
ir.clu·.i,,n :n the Stnt,•rtl Kc1carrh lmttt~tc lltrcctnry ol Chcmic,l Producers. 
\',·hich WJ\ 0 rrim,ry rdcr<n<:c. l he I iSIS J re OJ>I.'d on pruductinn dunnt the post IIJ. 
\Cd() 

. l he pesticide rhcr;11.-al> .-c,n,idercd in thi'.>tUd)·. arc li>lcd in 'J'JI·:< X. ·1 hn arc 
pot:pt-d intu ~b>><• rcpre>.Cilli:;g lrkcliho,HJ 11r UtO_,jn f<1flmlion. 4S (,ltiO\L~: 

~ --llifhly lit ely to be o;,oriatcd with the pr<'.cncc •'i blufcnatcJ 
U1b<n7t.J·;,-dw.\lri) hn·:,U>C: ofthc- prcscnt:c ol an ortiH.l·h.Jil1gt:il:lirt.! ph:nnl in t_ht: 

rc.tcttun :-cqucncc. \o.llh ~Ubj~"(tion ll) dl.'\3tcJ lcmp<t;.ttu;.,: { >1~5" C•) r:u> 
,·:thcr ~!blinit) or the :>rcse:Kc o( free hJiu~en. -

(bs' I (- Kca,un>blc but Jc,scr probahiiity ,,f suc"h· <lio"n ;ISsoeiJtio·n hccausc 
of the, :,cn.-c of phenolic ur •rorr.~tic >tructurcs rclatcu t<l dio.,ins: although 
nr>l directly in1ohi'i' tliCl.>:.in prccur;i\'c <'t'"'dit:ons. such chemicals might form 
dioxin; u.1d:r irrcyL'Iu operating conditions. 

c, .. , 1 

Brfencx. 

Chloranr' 

(continued} 

TA 8 LE 8. LIST OF PESTICIDE CHEMICALS 

Chomi.caf namv 

Me:hy: ·5-12.4 ·rl>cl>;oroephen0ry}·2· 

nitr~n1oatt 

2.3.5.6-T etr achloro -2.5 -eye lor he •ad<e"e. 
1.4 ·d•cne 

i 
i 
i 
l 
~ 

-··r·- ~· .--·-·- .... 

~~~'.il.!6ih~~'&0:...:-,;:·.;;·..:.-:·':J::-:o,;·,,,.;~c,;.:...;;~~~~>;~~-L.u.:.< .. ;~.iL;.:.;~.:...:s·7.1;:-..::<;:: ·~:..;,~;-~ 
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TABLE 8. (continued' 

GtHlltJI no:me 

2.~ -0 !Ad e;rers and ~ails 

2.4-08 and ~lis 

Otc~mb3 

Olea mba. d.m~lhylamine 
w:t 

Disul sod:urn (sesvne) 

2.4-DP 

Erbvn 

lsob<lc 20 

Pentachtorophenot(PCP) 

and s.:>lts 

Honnt;!l 

Sitve .. anO esters ~1'\d s<st•.s. 

2.(.5-T and es1~rs and 
salts 

cr ... 11 

Bromoxynil and cslers. 

(cont•nued) 

Chomi<:al n•n•• 

;2.4-0tchloropheno.ty; acl!lic acid and 

t:slors end salts 

2.4·D•r.h!orcphcno<ybuty1JC acid and salts 

3.6-0,chloro-2 -md•o·~bell!oic ac•d. 
. dtmelhylarome si:tll 

Phusphoroth•o•C ~c•d o-(2-chic<o-4. 

rlltrophenyiJ o,o-drn:e!hyl cs.rer 

PhosiJhOrothto•c acid o-2.4 ·d•chlorllp~enyt 

o.o·dtal.,.t ~st~f 

2.4- Dich!oro;>hE> no.-. ycrhyl sulfa re, 

Sod•uf1l sail 

2-{2.4-D•r.hloropheno>y) p•op•onic acid 

2.2-0ich!oropropanoi~ ac.d 2-(2.4.!>
trichlorC'pht·no;(y) elhyl e!ter 

2.2"·Methylel1e bis (3.4.6-tllch/orophenol) 

2.2· ·Mtthykne bos (3.4.6·tllchlorophenol). 

monosodturn Si11: 

2.4 ·Oicl•l0rophenyt-p-nitrcpheAyl >,lher 

Pentachloropheno~ and sa:ts 

Pho:iphorolh•oic ac•d. o.o·d'mf"lhyl 

0-(2 . .:.5-t••chlorof.!henyl) ester 

2-(2.4.5-T r>chlorophl"O<y) p<op;onic 

acid and es:ers and salrs 

2.3.4.6 -Tetr<>ehtorophenol 

7.4.5 · T fiChlorophenol 

o-Benz~l-p-chlorophenol ' 

3,5·D•bromo-.: -hyOroxybenionllrde 
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TASLE 8. (continued) 

Genoraf nama 

c Jtbonph6 ol('{~Jion 

DCPA 

Oiclilone 

Oinitrobul rlph enol. 
~mmonium sail 

MC?A 

MCPB 

M<><:opro~ 

Parathion 

PCN~ 

Pro»<' nil 

Tetr•dilon 

Ch~mical Heactions 

Chemical name 

Phosp~orcxl,thioic acid s·fl\4-chloro· 

pheny\)l~io)methyl) o.u·d•cthyl es:er 

2.3.5.6 -T otrachloro-1,4 ·b'!nzenedi· 
carboxylic aci::! :!imethyl ester 

2.3 -Dichloro-1,4 -haphthalc.1e'iio~o 

2.4·0Jnitro-6-s,:·bulyl pt"leno\, 

ammon!um salt 

='. 5 · Dllcxlo-4 ·hydroxybenzonitfll& 

I. 2 .3.4 ,5.6. Hoxachloroq·ctoha >an e. 

('arnma ISOmer 

(4-Chloro·o-tolo•yl acetic ~cid 

4 -{2 -MuJhy\·4 ·chloropheno>y) butyfiC 

2IC\d 

2 ~4-ChiO<o-2 ·methylphcno>y) propionic 

acid 

Phosphorothioic actd o.o·d•athyl o-{~· 

nitrophenyl) estbr 

Per.13chlor oni~robe nze n~ 

P tpi!COI inopropyl· 3, 4 ·die hlorobe nzo.; I e 

3 ·{2 -Methylptperidino)propy\·3.4 · 

d1chlorobo nzoJ 1 ~ 

3.4 · Oichlorcoprc-pionaniltd<> 

1.2.4 ·Titchloro-5-{(4 -chlorop~.enyl)· 

sulfonyl) bel')zene 

2.3.6-Tricr.lorobenzoic acid 

2.3.6-Tr•chlorophenyia..:..;;:..;: acid e~nd 

s.od•um sail 

1r11odobenzoic aod 

Highoc chlorinated dioxins have bc<n tfclc.:lcd in l,.Jmplcs of' number of 

p<slicidcs proGoced from 1950 to 1970. Oat• (:om these analyse< were summarized 

by Fishbein ( 1973). as shown in Table 9. 
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rt.BLE 9. 

P~HticiCe 

Pheno.~..yall.J nva:t~ s 

2.4.5-1 
. Silvc..: 

2.4 ·D 

ChiNoph~ncis 

lei-

Tetra

Penrz·(?CP) 

~-F 1Sh...~•n 197 3 

HIGHER CHLORINATED DIOXINS FOU.'./0 IN 
COMMERCIAL PESTICIDES' 

. s,mpl<! 
Chlorodibsnzo-p-..:ioxin r1otect'd • --t.f.,mber NU.r.nbor 

Totra· Hou· \lepta· Octo· contomic~trtec tosted 

. + 

.. .. .. .. 

23 

4 
3 

10 

5 

42 

7 
24 

6 
3 

11 

b-Concen/r~l...:l:"l ta.~.;., •• ~ >10 POrr. 
t : 0 5 IO ) Q ppm 
• • <OS wm 

c--0."1.?;,. ICf''lllt:'l, r.J r~lradrlon ~·e found l.:> CO:'l.tac.-. chloroJ•oxin conrarrunJit-On. 

"'""!' of th' c:;,,~im pr<>rnt lliflcr from tho>< opcct<J on lh: ha~ts nf the 
strairh<f<H,.Jrd ;r.,chanilflll hypothcsitcc. Possible rca~ons for 1his nla_,. h: thai 
other mcL·h;.tni:dT.~ <!(~ ::tt wo:k or lha.r.sub:il4:tntill c!is~roponi(lnatiun j, o::curring 
>.rr.on~ rl:c dicnio, ini:i,\ly f,Hmcd. as hA~ hctn sugt:cstc.:l by Dow Chcrnic3l 
CompJny (R.wls 1979) and others (nu,cr 1976). 

Roction m«h•ni>m> fu• !he Clas~ I pesticide prollucls ar< sho.,.,-r. in the 
foJiou.in~ frgurcs. ltr< intended rroduc: roction scqu<n-:c is f:om left 10 right 
acrn;s t~c to? r,f each fi~urc. and rhc'pos,iblc dioxin ,ide reaction :ned1anism 
diwr~cs 10 t_1pi.:a\ diu.\in bypruJuL·Is al rhe bollom of the li~urc. The srccific 
dioxin proJuCis shown -arc rhosc for which rcasonahly straightforward 
mechJntsms car. t-< postulated. In maoy cases; mere complex and scronJary 
meehanisr.n mJ; produce dro.1ins in Jddition 10 lho•c ,hown. a~ c1 iJcnccd by their 
anat:-1ical dl."lcCtion \n a nun\h-:r of products (Fishbdn 197.'l. 

The ir.iti41 r<ac·tion "cps in prnducin~ many of the Class I pnticido arc very 
similu and lhu; !he pe>ti.::iJes arc poup:d by ro.,lmon rnechani;m. Similarity is 
noted in 1.~.5-T. si!vex, ronnd. 2.-1-IJ. crhon. scsonc.llicl,lnfenthion. diopthon, 
bile no\. and dr.:arr.:.a. The fmJ\ sub,titution palttrn differs in each case. as docs 
ll!c prc .. :isc h:.dorl!h·nr,J or chlort)h<:nzcnc ~larting ~trunurc. 

Thr fi.rst step ic production of ].4.5-T. sih·n. runnel. ar.d cr~on is idcnticJI 
(Figures 1.1 throu~h I b). l rcatment· uf 1.2.~.5-tetrJchlorolocnlcnc wilh L'JtJ>tic 
)'iCi<h ].~:5-lrichlo:ophcnol. The reaCiion >:Ondilions He IUfftciently drastic. 
including alb\;r.i:y ar.{j c\c1atcd lcmpcrJtur~. to cau>t fnrm:>tinn of the n
htocartx:nc. ~.·l;id·, react> ~<ith tl:e chlororhcnyl~tc 1<1 ~:i1·c rhc prcdio.(in. which 
th~rt rcJCts lo 1i<l~ 2,.1.7.~-TCilO. (or\linucd alkaline proce,sin)'. vchich occurs 
with rach of the;,. prnduCI ilrms. also ccntrihutcs In the same lran,irnt 
intcrmrJi~ln J.'lC cti:neqccnlly In formation of ~.J.7.r.-TCDI.l. 

58 



• 

• 
--..... .. 
--~-

. . 

\ ~ 

./ 

. \ 

• 
. ·'· 

J 

! 
j 
i 
~ 

,----- ----·---·-----

/ 
I 
I 

i 
I 

C! 

1.1.:.)-1:1.'1-

rnt~~~:J! •. ~~ ~: 

figure 14 . 

·--·----·---

lllHI 

l.l.l,l-lCOO 

Silva• and es<ers •nd SaliS. 

~--- ---·----··--- ..... --- -~---

I 

-- - -·-.-

_,) 

.. · ,. .. -I ._, !. 



/ 

·' 
/ T 

. -· ~ ·- ....... 

~------·--

! 

i: 

- ··----·-·-----------·-

N11 

c)Cro~~ ..... ct 
I :i ., 

Co -<' r'0'--co 

Cl~o'J0 Ct 

CI.A_./_..l 0 ~( 
. Ct 

.'. l.I.I·ICCl 

Fi~ure 15. Ronnel. 

61 

- -- • - -·+ •• - ~-

i 
I 
! 

~~Ml(~_.y-~-~~·;:·:; ,,;.·,;·'t'·..::.--..::.-·- ·:~··--" · ..... ::·~"!'' ·~~_.\:·~~ ~~-~-.....r.:-cU:,~~'=-'~7·,·.r_, ':!..
-<.~~-'::""" 

• . . - . ::/ . . . . • . I · ... r l' .!. , . . . . . ;- . . . 

. ' .. '1• . I 

I 
/ ... : .,. 



., 
j 

I 

•, 

'·· 

-~-
f.·.\ 
/' ,..: . 

I 1 
I • • 

I /' I/ I . / ' 

.. ,_-·I" ,.. ·-- -· •!'- • 

j 

I 
I 
1 

'i 
I 
I 
I 

- ·--- ---------... ---... --~-=..r....--tl-:~ 

X =H 

ri~ro;(~(c' 
c,~o~ 

l.HC~! 

l'i~gura 16. Erbon ond sesonc 

' 
·.:.
!-: 

[. ~-,~~ ~~~~~-~-~.,~~~;, :~ '· --:"'~..:;~:~--~- ~~;;: __ .;;. :~~~=~-=·~-~-~. 

' !. ;y-- . ·- ? .... -.,-..; -... 1 I· "' 
I 

J 

~-: -~· .. :-· .:, :.. 
..: .... :.:___ .• ·"'· 



.. 
/' 

-~·-· • ·;· _!..· 

:. 

• 

--~- --------1': - . 
~-

/ 
' 

; : 

I 
I 

/ 

:~: 

~-

'· ' 

"-, 

;.: 
a·.· ..,.. 

,-_ 

... :·{"Jol .. :t :~"~-<.:.-• ----~-----··- ... 

lhc ncrnul rc!ctton ;cqucn.:cs for 2.~-D. 2.~-DB. 2.4-DP. di~ul ~rxEum 
(<c;,J>,c). dichlor<r.tr.iL•n. hiknll.\. and nitwrcn (;.o~ucCJC<> shown in Fi~11rcs 16 
tt: '''ui!h 2 ~) a cc an:~ !o~o·;; in t hc:r C3 rly ~!cps 10 I h,,,., of 2,J .5-T" nJ 01 h<rs in th~ 
grl)L1p _i:...;·.:f \icn·ri~J. ht.:t o.:lo."ur \)l 2.~-t!i\·ltinrL'phc:no! r:.H!'-.<r lhan 2,.j_5. 
t r i-.-~~Pro r.hc nl"i. !nc Ji, ).'- i ~ I o~ m.1 :iu n sc~ u: n('~ i ~ !J: c\.l.·i sc ana lo FO us but l y pic.1 lly 
\IOuld prc-ducc ~.7-DC!lll. 

\~1c thJt tl:c roC~inn mcch.lni;m for di~ul 1odiu1:1 is prc,cntcd in 1h~ sa~c 
ii~urc (FlfU<C 16) \\:;:, ;h;,t rN crbon. Thi~ rl:tCCf!•Cill" [)()( onc>nl IO imply tha! 
thn :t rc cu-nrnJ u;·t s. but i:!lhcr i!> intc.1Jcd lt1 t1cmorut u l<" th;::- d n:..t llic:ovs rc;l..:tt·Jn 
pJ t;rrn; d ,·yp!,·a: rcs!J :ide> JJfkrin_!: a~ 1,1 halc:~c/U ti<Jn and ~t:b>tit u;;,,ns. Si"'iiJr 
z:u};Jyic:' C:tn he -d~Jv.n t•rr.on~ nc;Hiy all of l~.c p<sticid~ ch·:rr.i~:ds studied. 

:\~r.thn p01nt. imJ·Ofla.n! t11 Ci<l.\in f,1rr.1Jtit1n, is d:moi'lstraccd_in fi}!urr 17. 
~f:(),..,inf! the rc..tc::~Jil for 2 ~·D. The rcactio.1 scyucn·:c l'l1;l\cntinnal!y cit:J is 
rhiClri:uti<'n 01 r!:cntl! 111 2.~·Cichlnrt)ph~;ttd. folluwcd by .d. rra~tinn \·n~h 

d:!.lll'~.Jt."l'li~~acHJ in the rrc>Cill'C 01~'<-!t.!SIIC'to r!'c•dUI..'C' 2.-l·D.l hi~ b:it Hcp\l.i:hthc 
-:iich:ororhcn<)l u~cr 2l~:d1nc t:onditi\'n' cJ.r. rc:.uit in dio.,in form:nion. An 
2!tt"rrLHi\C· rfth.'C"~~ S:"~U\~f\CCCi:t.·J if! d~:~ pltCnt Jitcra!Ufl'(.\f:tn:,lc J\f-!~1 fC\"CfSCS 

thr nrdcr t.1." ch~:):-;n::uiun. a-:. shov.n ir, d1c upper 11cr rcal·tit1n ol Fi~tuc it:. Th!) 
~-=~,.;cil •• :~.· \~oufJ !>::- r\pl'("lt.'J to t""Ju~7c the li~di~O~ Clf ~IJ.'in fon:ntit..'n. A 
c,,mrr:crc,:dl~ lcJ:o-lh!c ~1cld in c\Cc:i~ u:' ~:.o p<rlt"nl i) no:cJ. h~1 1hc C.\tcnt ol 
CClmr:t:::-r"·,JI tlldt!J\1.111 i) no1 ~·nr•\.l.n. 1 hi\·rr:.iCll~ln ~t:4ucn.:c cvu!d pt.h51hly Pc 
JdJ rtrJ to 01 ~.cr d 1hJio~cnJ tcJ phcnu.\ ~ J :~a nt..)J tc:.;. v. it~ an c >. pc~.·tcJ r ... Jut:tivn in 
d;~)).i:-~ f,1rm:llion. 

J)lc..tmh:..t fF,rurc "2.li Ut!ii :·.~ dl'nl'thybmin: sJit prc~rnt'i on:: of lh-: more 
l"~Hlij~l.:.\ J,\l.\Jn C.::l\i1ti~n f..!~t('(n~ tr .. ·l·au\c (I! tf • ..: ct..·nttnuc~ .JrkJ:1r:t: l'L)IlJtttUn!> 

U.1dr:r \l..h;ch \3fi("I'J~ ~t.;b~tll:.llil,"'l:):). arr r:ud::. Firsr. rrL'pJrJtio:, ("II. 2 . .5 
Jrch:\Ht)rl:~nul Jr.d tb ~·Jhscy~er.t il!rtho (".\rh1>;t.:rc tl) c;sustic r·:,u:t~ ln tr~n~icnt 
in:uC71eJ"'<> >nJ ~:cd,.Hir,, t~JI f,,,n, 2:1-IJ('J)l) and ~-~-DCDD. In JCd•!· .. n. 
,:r.\! 1 .~r ~,!\.~:1:1:· rr\· .. :; ...... ·p~•t.•! If~(' L-.lrh\'\\~} ;.t;,J r.~::-;h:·J ~:Jh-.!:IL't::~! l0>r.l<.;(J;'\ (;:.'"\i.!:: 

1:1 \:.tr:f.u-i~_, suh~:ttutt: .... dto.\ins. only tv.n el \=.hi~h.lo- :rolm.'"llt("ity. ;nc !>ho"'n in 
hili(( ]J_ 

Pcntach!oroph:r.~d ( PCPJ. l n.'mmerci;~l!y ht~h·\u!ur..~ ch:-mic.al. C,jn he 
nun<J:·JCIUfC'd t'>! :\\('> hJ~i.: filr!h~lJi. One tr":\t~hc~ Uirc\.·t cl.ior~r.:Jti(ln nf r~:Cr!l)l 
(f-l~l!r..: ~...;)in the rrc\ ... ·n...-c \If :in/\ 1('11 CdtalyS-t. The rrc'\COt·c nf llt.lfrliJ~ l'\("~S 
rfl~~'rt;")C is cnnJ~.:l"r\( 111 fvrm.t~i('\i'l 0f ::t ircr·radt.:; . .d inlcrm(1talt.'. 1hcn Cl!' 1hc 

pccd,0.\i,c. onJ c!•.L'TCJteh ,,( C•CilD. The Jitur.atJ\c prClL<>I t.ascd on caustic 
trc.:~:mrn~ cf hc\:.:C~I\1f~)b<-r,rctl( (F1~ur: ~5) p.~Jdu.:cs ct'>!:Jfln~tC"d tr3r.s:icnt 
i.,r:n~:~:Jtc> ~n.1.:._,~cu~ 10 t~:." ~ . ..t.5·T ~eric.; hut fu:lychlori:lc svbstitutcJ. l'"hoc 
i:1 turn ~orr.1 the prcdi(l.\in ;~nd linally OCDD. 

;-r,, ,·.,mr.. ~c-r,dic:ll mc.:han~>m hy "hi~h rhiMJnil is nude (Figure 26) 
rt."-. .. lt-i in t •• · ;ntcrr.\cdiJit."!> ~imii.H In l~n:-c o..·rurring ~n byprod~ct 
dc;;\;;tiH·> : t ?1.." · ;-hocfvrc. OCOD s!:ou!J be r;q)o(" .. :tcrl as .a dio• in 
::-on:J r\lir:a nt. 

lii,•.:I;IMCl,'!"·cr .: .·, 1od1UJn '"lt.l>0blC ~u ( f'i!!~r< 27). arc rrr>ducc<J [rvr.> 
") . .:J.tnchlorn:-'h:r. ... "'-htlSC rrclin.int.r~ produl"li0n frum I.~.J.5-

Ic\rd·:"hltH(l}Kn/Cnc i> L·~rricC out tn· r~.~.CI:fln \loilh cauStic-. Thi~ f1r)t ~tcp 

r~)(CO!i;,il~ (flrm ... l!l{• ,•,""; [lTC{!,:(}(\(~ ·)imilzr (f) :he C"4t.:i\·:J.Jcr.t ~tcp in th:: 
m•nc(Jcrur: u:' :'.~ .'- T. ( un,cyu<nti:.:'.J.?.t-1 !,'(Jf)j, !1-K>ntirip•tcd byrr0Juc1 
G:Cl ,;:1. 

H.c prt•Juninn or ~J.~./>-(C(flChlcr,,r,hcn••l (Fi):UfC 2~) b) :hlurir.lli<ln (lr 
pl;cr•ol ".auld "< C\fY.c'lcd to 1·idd trace h:prvJuc11 0i 1arious i<o,.,cric 
!lc ~o.a:h~t)r('dib<nln·1'~-dh"~\in) ,jJ d frcC·rC!dic~l n.:-chani\n. 

,\;.::in. bt.'\.'JL1~ r:( !he J.n:Ji;tiwl c\idt.·n,.c n( m~r.: Jtc..\ir.) 0:hcr thJn t~O:>( 
hyp\.!hc~itcJ in l~e>C ffit.'\."hJni~!'TH, no srn·ifi·;:dt(.l\ln prc,cncC )houJJ he p;csumcd 
or nclu.J·:d. 
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Table 10 sucnm..rizcs th~ r•irnary raw materials in,·oh·cd in the producti,,r. of the 
CIJss I poti.:iJc chctniC.l:s. 

A r.a,ic rompktc di>ru>sio:~ of many ,,f 1hr~ pcsticidrs appear~ in the f uiJo"i~g 
sc:bsrcti,,ns. 

TA£JLE 10. PESTICiDE AA'N MATERIALS 

Posticido product Rttw matoriais -------------------------------------------
8ifeno'l. 

Cll'ora.-.'1 

2.4-0 nnj estt.>rs ancJ s~~~s 

o.cam!Ja 

2.4 CP 

2.4 Dichlorophenol 

3-Halo-o-ni;rol'enzoic. ~cid ester 
NaOH 

B2r;::!r.e 
Hyrltoi,. ':11 ch!orido 

Oxrg~rr 

Ptrenol 

Chloroacetic ac1d 

NaOH 

Cll 

AlcGhcols lf~r .:St~rsl 

Amines {for amine ~afts} 

Phenol 
c;, 
N-~01-' 

811!yr.:llac1one 

Al~o~Gb tfor esters! 

Amll"lJ!S (l-or am;np ~its) 

1.2.~-Tr ichloro~~mene 

NaOH 
co, 
Drrr.tt:-."{1 sulfale 

2 ·Ch!.:>ro-4 -nitro~hcnd 

NaO;; 
C hlur .;>dim c 1 hylth ouphosphona 1 e 

2.4 ·:Jrchlor opher.ol 

IJaOH 
C) ,ro rod, 'Tiel hylt h ao;,hos p hor\a 1 &-

2.4 ·Dichlo,ophenc-1 

IJaOH 
Eth·tlcne oxirle 

(hloros•;lfon'~ u·ll 

2.4 .o,chlorophen0t 

2 -ChlorowopoOt1JC a cod 

NaOil 



i'·""""-'"'l'':i";!.$,1'·9' .;,.>f-'''' l-'f'''h";;o;>.,..,m.~~<m: ;><.~P)"'~,;'!"'.Ji'I+~,~ :"'Jj".'"\1<~\'f)<"i:',, 

TABLE 10. (contir;:·edj 

P•oticido product 

bbon · 

H~.xachlorophen~ and 

lsobac 20 

Pentachiorophenol (PCP) 

Ronnel 

Silvex and E:sters lind sal's 

2.4.!>-T and esltrs and s211s 

2 .3.~.6. T err >chlorophe not 

2.~. 5 · T 'ichlorophencl 

1.2.4.5 -Tel: 3Chlort>bcMene 

NaOH 
Ethyiene oxide 

2.2·0TchlOIOprOplOnic l.~id 

1,2.4.5 ·Te rrechiNobenzcna 

NaOH 
Ethyler.e o•ide 

2.4 ·Oichbrophenol 

Chloro-4 -niHober.tene 

KOH 

Pt,enol 

Cl, (P~,~nC>I route) 

')r 

Bc;uenc 
Cl, (Hexachlorobe.1zcne route) 
No0H 

1.2.4.5-Telf achlorobenzene 
NlOH 
Pnosphorus sulf<><:nl.1ridc 

NaOCH, 

1.2.4,5-Te trech:orobenzene 
N•OH 
Ctdoropropion1c acid 

Alcohols (for esters! 

Ami"leS !'or Bmone salts) 

1.2.4.5-T ctrechlorobenzene 

NaOH 

Chloracetic ~cid 

Alc~hols (lor esters) 

Amines (lor am!ne salts) 

Ph.,nol 
cr1 

1.2.4,5· T err;,chlorobenzcne 

t;aOh 
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DI0\1:-\S I:\ CO:\I,IERCIAL CII!.OROPIIE:\01 S 

A~[) TIIEIH DERI\'ATl\'E:.; 

Sin'c mc»t rep<'<~\ o( dio~in' arc ~~s~oci&tcd with chlorin;t!<:d rncnok 
COn\f'OliOJ~. this )('":lien C).Jrninc) I his group Of Off:.tnic m;Itcrjafs Will~ f~\pc~·t (0 

rhcir ~~r<lrtcd din.\in Ct)ll!Jmin.!nt~ and their uriliJ,:..ttion. m~nL:(;!c:tur::. produr1ion 

H'lurncs. znd dcri,·Jtilo. Sirnilu informJtiuOl i~ rrocntl'\J. "h·;n ;1\·aiiJblc. :•H 
hcA;tcf:h'lfnbcnitn~.·, \I, hil.'h has been fuu11d to C\.'ntJin ~aoxin). iJ nJ ah!J for .:J r.n·liP 
of other rcbtcd cnmmcrci:ll chcmic~ls: that lit~<.'lfl"ti;.·al!y could c~.lntain dl\.-'>.in 
conl:tr:llnant5. alch,>u~h no "n.d.nc\ have t>:nl rt·pnrtcd. FIH each chcr:1ii•l. chc 
.disrus~illn~ indud~: lhC" pr,,t'labk prorc~sint: Slcps that mJ.y fiH1n10tc dioxin 
form.1tion and ~i .. o chc mcrhJni:i11lS chrnu)!h wh~::-h d;o.\irh roulU ~rpcar in the 
a~;q\Ci.lh:d fHOl.CH h'01.qC5 Or he retained Within the ciJcnlil:J\ pr~ldUl'iS. 

Chlcrcph~no!• 

ChlurinJicd phco.ols arc" family or 19 comp,"'nJ>. ,,,n;iscing of a t>cntcnc ring 
co 14hi.:lo i; tttachcd one hyJr<'.'.l'l.)!roui' ~nd from one 10 five chlorirl~ Jloom. 'I he 
f'•>Silinns 0f the chloro~c "loms with r<Spcct lo lhc hydru.<.y! ~;roup and co cJdo 
ether provide ch.- opp1111uni1y for chrct· ""'""~hiC1rt'phcrH':'. ,;,_ cac!o of dichinro
~nd troddc>rop 1tenuh, thrc·c cctr~ch:nrophcn.,ls. ""d <>n~ pcntact.lnr.;phcnul. 
1-\Jny roord~t·r., have otahli>hco chc procrcc of dr·Hin, in lhc>e chcmials; 
Tahlc II li>t> ihc rc,uh o( '"'·cral such >tudics. 

lh14 in !his Lohfc 5~0W Chat UO(:\ reCently dit>.<inS hj\·c 001 PCCn (,,und in 

'''"-lltrrct:til:c pruJt:ccJ n··''""' or Jit'lli<H<>phcnok 1 h~ ;>r or.,cc t>l 2 . .\7.X-l CDO 
in low conccnlrati.1n ""' lnund in 1979 in " rail:0ad tank car >pill of u
chl•>r<>p~cnnl. One r>r rrhH<' qnopks t>f all t:hl<'ll>phenvls "ith lhrcc nr n~orc 
chlorine atnm5 chJI ha\C t>ccn cx:w1i~cd ha.c contained dio.<ins. TCDD's haw 
hn·n :d<ntiiicd n,>t on°) ,,,cite ~.4.5-trirhloro isomer t>uc ~hn in cnc 2.4.~-trodoivro 
ilf>n:o. One or mn·. e ~>mp:o nf I richlorophcn,>l h:i\c cnntained rl inxin> with t" o 
10 riiht chlort:1C sut'J}titucnh. Only dio:~in\ '"'·il!l ~i.\ lo ci1!h~ chlorine ~uh\t~tucntt 
hJ\C hcc:1 (ou!'lG in h:trc· ~nJ pcnt~chl(lf\lphcnol. !'\urncrou~ itnah·!\c~ hJ\'C 

confirmed chal dio.<ins with less chao,;~ c~lorinc suhstitucnts "" noc' fot•nd in 
pcnuch lo :•>phc n0l. 

f.IJ>l commnciJI rhh>roc.hcr:nh ~ic uHd ;~, ra" malcriJis in the Hnth:sis of 
other orpni< C'Jnqrour.dl. Sllmc of ch~ k>s highly chlorinated phcnn·l, ore u~J 
v..:~h {orfn<t;Jchn!c lo r1:Jlc (;rc.rC':-i:it<~nt lhcrmo:>cuint: pla"tin tD0cJcn.,; !lJMJ. 

Thn:\C cur.taining three or r.1o~: chlorine ;ttom' arc w .. cd dircctlr as pcui~ic~ 

chc.nicah. ~.4.1>-Trichloror!>~nol is cffc.:liH ~' a fun~icidc. hcrhicirle. anJ 
dcf,:r>r.t IIIJwlc~ 1971}. h "" f<>rmcrl)' u>ed in lalt!e LjU4n<itic, in \he k>thcr· 
tJPnirrg indor;rry: ho"'''"· n, u'c in chi> in<.Ju,try ha' d:crca«d so:b>lantiallyi U.S. 

[O\HOnmcntJ! l'rl'tcctir.n Ar.cncy i'liXa). prot>ably li.< a roult of rhc impro~ecJ 
dfc.:tiiCo<>l unJ mal' production o( 2.4.5-trichlorC'phcnnl. n >uhstancc of 
suffrcirnt imr.oPJncc ln ...... ;;~rrJn~ ~ ~r-=~1;.d ~cction in lhi~ rcpllrf. ~.J.J.6-

·rctrochlolt>phennl :1 u"'d 01 a prncr,·oti\C for wood.fat(~. onJ lcatncr. >roLl aho 
Bl •n in<C,:t:cil!c (Ko1al: ct al. I'J?YI. 

Pcnlo(hlorophcr:ol or it! sodrorno ~a!t i1 uid co he I he <CCond 1"1•1\1 widclr uo:.::d 
pc.<ticidc in the l.'nitcJ Stain. It is cflccli\C in the t:onlr(ll or ccrt;;ir. bacteria. yea~ I~. 
>lime moi .. h. ~ lpc. furrf:. plz n 1>. i n.,cn.<. a nc.J Hl:l rl>. I !co u.>c of it> b roJd lfl<'i'lr um. 
pcntJchloruphcnnl is u'cU in m:, ny wa:d: 

As a prncrvJti'c (or "nnd . . ,·nod produch.lc:ithcr. hurlap,n>rdJgc. ~:Hchc1. 
dollin>. :tnd fl~cs 

A> an in<ccticiGe on r.oa1o~r)· for tcrmitc coo:\rol 

7X 



T~DLE 11. CHLOROOIOXINS RrPonrro IN CHLOROPHENOLS 

Chlotodiowl,, t·CDD't), P?rrr" 
·~---~-·------------ -------

Chtotoph•l\ol L.,r\pl4 tT"""Y'\O·COO'' OCOD't tri·COD'r rcoo·, ponu.coo·, '""•"·CDD'c h~Pl•·CO·")', a COD ()~fl!l V>Ure<l 

"-'•~<'<:hC0fc?heno1 

J,, ~l('ll(.(l"••nol NCJ NO NO NO 1<0 r<o NO NO rne\.to .... e \ '!))') 

O_·th.fet09-h<i!t'loo0t 0 017 11.J.7,8!0 Ch~~o(.ll We~t.. 1979 

O•cktot()()h .. not 

1. 4 ·d.Chlcwo~h1f'nt · NO NO NO NO '<[) IJO P-10 110 f.'Ht\~On~ 1971 
2 ,6•d<.hh\ropht!'IO' NO NO I{() NO NO NO r<O '<0 ~.rf!tlor.e 1972 

Tr,chlofot>J"•not 

"" 2,4.~ ·If •t,lotooNnol NO NO NO 0 JC• II .J 0.01 NO NO NO NO (He"1o,e 1':)71 oC 
!1!!69) 6 20 t2.J.7.al 

2.4 .S ·lr~h1otoph~rinl NO •so NO 110 I 5 HO NO NO r~res~on~ 1972 
!1970! 

2.4. S ·lttoeh'OI'ochot"'ol N() NO :"-10 NO NO 1>0 N<.l 110 Fue,tont 11J72 
:19701 

2 ,.(,S ·tn<h1'3tO{"~enol NO NO NO 0 O"J 12.J.7.01 NO !'-!~ NO NO f••H:o~ 1972 
P .. ,i,Jr 

Na-2 .... S ·\r,~hlorvohbt'IO' !-tO NO NO N!') NC: NO ~0 No) ;:,,r,H>r'1t 19.,2 
!19671 

N• ·2. 4 ,S •lflchloroonttf"'C.tl NO on r2.11 ND I 40 12.3.7,81 ~(, NO NO NIJ ~·restone 11)72 
r196~1 

2 ,.C .5 -tf t:h1orO"')he,o1 0 30 t2.3.7.1l) (lv•oo• 1971 
l,.C,6 •tr.chlorooh.,f'V.)I NO NO 9312.3.71 ~~ 11 J,o 01 NO NO NO NO "''~~,nne '\ 97 2 
tr,chll)t~ht~nf)l NUCO 51 0 5-10 o s- •o 0 S· IC W~O,'tOI"'f':'f .al 1972 

fo:on1tnvbdt 

.'"' • • •' ,. '' •"'•' ~'•" ' "' ' •I• "' ,,.•'•• ,._ ., "'•' 

... ..... .:.;.. .. ·- .. --:..~ ............ -' .... _ ... ~ .. . ............ :.. ............. ~.- ~·- ............ . 
·" ···"'- ~ 

,< v 



•• 

. T 1\0 l E 1 1 . (r.ontinued) 

CNo-odK>vnc !·CDD"•I. P?m' 
,, 

•., 
C hlorop"-n-OI ••f"t"'',_. rno..,o·CDO'• DC00'1 t,I.COO'• TCf'O't ponu·CQD'• ,.,.. ••. coo·a "•P,•·Cr>D'• ccoo o .. u 

T .-tr•chlorOQ,.."I""(')I 

1.J 4.ti·ltlr•c.hlry~tnol Ouv.r 1!l7S 

IDow•ctde 6) 

1. J . .c .6 ., "'' •chiO" ')("'hc-t"\01 NO NO NO NO NO 1) ~ t 017 r.,e,tont- 1')72 

2,: . ..c .6· ff'lt.l(hiOfophe"-01 NO NO NO NO NO 4 : HO h.'O ~''"'!for.~ ~972 

(1%71 
1 J,.C.tS.tt:lt!:!rhloroo~rlol NO 'NO NO NO NO NO ND NO Fttt'lt'Jt'IO 1972 I 

te tr echiOI"oCh«>not NO 10 ~I 10-100 10."100 10·11X w,ol100" "'' ,, 1972 I 

Pt71'111ChiC'W'O()'h~Pnol \ 
"" r::r \O""""".c:'<S-. 1t 2JS J!:,Q Bvi~' 1S7~ 
C> 

reP ND 10 Si 10-100 100-1 OX) t 0{).1 CXXl '-.1/~'!,.")r: 1!:1":1 I 
I 

H•·F"CP 119671 NO NO NO NO NO u t. ~ JS F'~rt-S'C."f' 1972 \ 
Nc·PCP !19091 NO NO NO NO ~0 ") tlJ J J f.tr~)IOI"'\t' : 'J7' 
PCP 119701 MD NO NO N? NO J9 49 \ s ~··~tJo-"' l~ij 

PCP II 9701 NO NO N:J NO NO J5 2J NO FHctt'.-"'t 197: 
f'CP (1~571 110 NO NO N) NO 0 1 7 NO NO ~"f't!Ont 1972 

PCP 119691 NO NO NO 110 liD IJ 47 NO F"·r~!tone 1 ~71 

:>CP !19701 Nl) NO NO NO liO 0~1 2 I s J r·~u~,,~ 1912 
PCP fl ~ 701 NO NO NO NO NO 1 s 2J 1 ~ r,.,.,, ..... .,~ 1~72 
N:P 11978! NO 10 t I 19 14(\ 02 D·'='·"'" •n tr'ld'l.o'1tft~l Stvdoes 

1978 

r('nf&-e:fllc-tOO""C r'\.Jtt• Jt"r'\1.•" tn~ Her'I~'O 1 '272 
ref' lo·~ul•fo...>n P.7:J !>-J.JJOO Je,..~" ,.,....., Al!nbero 1972 

PCP (tC"'C'I"H'P('OI O'l"dd NO JJ.<{ 2 1 9· 2A 7· \ t Vd;I!'\\,."~Y~ , ~ 73 

PC1' ('e•o•nt O'•d•l ND C'C7·00~ o o•-o o? 0 0] .() UJ Vrn,n~.o~vlt 1 !)7J 

l<:o",'"v·c·,n 

... _ ......... ,.~""~~ 



./ 

\ 
I 
I 

· .. :....~.\---• 

:: 

TABlE,,_ !con1of'v<d) 

r<:P'sl\7) 
f"'CP 01 ~(P ,..., !71 

P'f;P f0o-wv•C:H1f' 7 1 R 1'01 

f'C,. (()o.w.(~ 7 1 9701 
fdoJJol4-<11 

f'CI' 
10 ·I'CI'tC\o....oo. G 1976! 

- • Nt111 •~"'~ 01 nq4 '~..-d b-,.. • ._..,.. ... ,. c:l l .J.1 t·TC.o0 ~...,,,_..,-but r~~ ,.;...,.,.oer~-ty '~''" 

C~lof"'41io..:lnt (·CDO'•l. f'Jt.-_.-? ______ _ 

NO ~ ·:!1 !)(). 1 :J~ 

D·~J 
0 DJ-1 0 DIS-I DO 

~ ~25 

10 l>!". 

9-27 
N0-2 1-12 

-:,7:0 ·2~ 10 PCP~-.,\ -"J<"'<J po t:~1"''"'~:1•v-t> 

1977 
0-~C..Xl Cn"'""'""'"a '9-15 
5 s-~ 10 Bvteot' &I'd Botl.,...J.fttl '9'1 6 

:r,oo PC.P M H,>C !.tvO-f 1\.;.>'1 

l2t79 SAl! 
1~ · PCP ).tJ Hoc. Slv<tf Rrt)C, 

1'-!79 S.\S 

575-2510 Jo""'"" •••• 197) 

~-17:! Q.o-.o.. Cht>m.•c"r CC>!'""P&N'f 
'-16 

,. 
,'~ 

,, 

_,...__, J
·~Jt 

. .. , 
' 

' 



J 

• 

,~~··:'!.::N4S.~·~>::tK~t'f'Y.'J'l~';\~~-~r'?ftt·%f¥:"~~1.~-~:-t'"_4"'J.?~;-·:psf,~%:t=f.:f~'f';'n'-~:~:'i\1:-?.:_;,~ 
. -

/\~ J. h.n~i..-,t!c ~lim~o:cJc io pt:lp unc..J pnp\r r111ls. in l·t1ulinx ld\.l.·cr "'Jicn, und 
In ('Lif!\lfOt\hlO C0nJcn~Of\ 

''' ~~ ptd,;r,c•a \\teet 1Jd0~D.nt un ~cc.J nnp'i. 

"' J f'"><l"\Jii\r "" h·:~n< (lor repl•n<i<l~ <>nl)') 

:\\a m·:an:-. tl!" f(ll\tf\)J!rr'J.: )ltmcs in sc..-onJ;H)' uil rn·tlvcry illJ(l'lll'\n ":.tcr (rn 
ihc r<:ll·lcum lnJu>lf)'i 

Hy Ltr tl:c IJl,ljOr U\.( ur p<ll\dl"hi~Hnph(lllll ;, :J\ H '.\ onJ rr C\CI \':111\ c". It \.lr.'it\ POL.'C' 

rqhHtrd \cl h:nr ~ccn uv·J rn sh:..tmr-lHI:-.: howe\"(' I. I hi, c:lrclll''-·rd J\'r" lll"•t CHlW 

l".,"'~pc.\t h\ bt u,c-Ji.\ an i:-..~rt\.h~ni in c,Hmctic-s nr lhu~s. \Jnc.~c 1\ 1~ "''O\ !n1cJ nthc-1 
inlhr Cll·-\ Co,mcric ln~rc:-JlCnllllrlit'n"ry(Co>!n<lic. lndclry.~nJ Fru~r"ncc 
·"'"'"'"lion. ln.:. i~l'/). tlf 1:1 lhc l'hy>ician> l>t-,k gcrercllre (19/Y.) . 

. ~{U11tJ/i.JO!I.'(' ·-

·1 hrt'.l!J.!h either prt~C\\ \ ~riJt(,lns or H'p~ratitln ·or mi.,turr..~ hy {rarclitm.11 
disl;ll:dwn rr..:lnulat.:turcr'i ~cl~:\:li<rdy pn'Lh.:'-· .. · t:hlnrophcnoh \.\·ith spccilic 
r.uml>cr> ~nJ nrran~:<mcnl; n( l'hh•rinc nlom,. 1abk 12 ~ho\vs thai IJ nl Inc 19 
rP.\liLk rhlort'flhcnnh. xrc (urrrntl)' t"old comr.1crcl.;Jify in ~urfil."iC'nt \·nJunH'Iu be 
'"''J in 1h: l~lS St•nl<lru ){oearch lnstilulr. Dllcl'IM)' nf Chemi.:"lf'r,>Jucn'. 
Sn·cn ,,f !r.oc arc n:J<!c 10 1i1u-:h lu~h<r , . .,fur.•~ than the nlher ,.., J he hlfh· 
\Oh!1~lC rrnJuC\\ ::-.rc hq n\.\Jc hy nne ol \""'tl m..rjor \~'f>-C> of m~n-,...ltLClUilnJ.! 

rn>eo.'~Clo. rckrr(:J I~ hnnn !'!\the hl-·dr,,J_r~i~ rnt'lhc~! ;~nd t!Jc d1J~.:1 rhhH;natiltn 
r.lCih.,J. 

A.-. wc-n\I;Hlid cJrh::r. f~lllltilj"hc:n~'l' ~tl' }J~t:tcr,c rlnJH lh~t "·.on:.:un L'ftc 
hyUrll\)"l }.:fllli:' :lnd one or murt" t:t-,!nrin~ i:lt~nH. The h:.~~1C raw m.:tcri~tl •n the 
rr.Jnuf11ctu1r of cldurorhclh'l!; lt 11<-ntcn::. :.nd the 1"'0 rn~j>~r m~ulufarturinlo! 
l:;.:lhoJ.• udfcr rrim>rily Jn I he ortkr ;,., ... hich I he ;uh>lilucn(; ~re Ollla;·hn! l<>lhe 
l'Cntcnc ""!· In I he hyJrnl:.,i, mclhrxl. chlorn:--hcnc,f, ~rc 111/IOC h) rcrl:u·ong l>ne 
chlnrlllc -.ulhlllucr.t of;... (Hllyr.hlllrin.tlcd t"tcntcnc ""ith :a IJy,Jro.\yi t.;rPup. 1 he 
hyJr11lY'" n:<ll~<'d ;, lhc nn!y )'HFii;~l nl<lhud ft>r pr<\Ju•in~ '""" ;>\ th< 
chlt,co~hc\\•J~'). \'.K!\ U\. lh~ ~.J..S \v,\l\\cc th~ ... tsum~f \::; ;o.r·r~rt"~~Y th-.: \}n\y \.,r,c 

currcnlf) r'"'!c.:,·J in l.ryc <jUanlily hy 1hi< n:e1h"J (~lllul 197'1: IJ.:tntcr 1~79: 
('h,mi,·•l Fn,inrcrint -l~i~). In the di~<c• chlorrn•l•on m·.1hod. plocnnl 
( ~) Jro>) hen !Cnc) ;, reJCieJ wi!IJ chlorine t<1 lor m ~ 1 <sridy oll·hi•Hophcnoh. E><·h 
m.anuf.~\lurint.: mc!h\1J i\ more fully ~.Jc,crihcd in rh~.· pu.ra}!raph) hch'"'· In 
l JJ It IIHl • .t1 Jr lA i!cd tJ ('')( ript ion or I ~)C ffi.J n uf ;t Ll :.He Of :! . ..(.~·I r•c-hlorophcr. ol ( ~ . ..,.~~ 
1 Cl'.' i, oulltn.:d _.er•r~ldy. 

ll)drof1,;, m.tihv<J·-The f,r,l >:ep in the l"drnfy,;, mcih<,-l ;, .I he oflfr,·r 
rh:Piln<l~<•n ,,, ~nr~nc. I hrnu~h ~ serir, ,,f <lllldfali<'n>. rce~.lolln>lll'r.'. >nd 
uthn ch('m~<.:JI lrc.Jimcnl.. ).C\cra1 punfc-J chhHo~nu:nc ~omp:,unoh arc 
ch<linrJ lh,l mnl•in frlln!l"'" Ill'" ·nlorir:c wh<li:uenl>. Spaifi.·.-hiornph<nnl> 
l'C lhcn nl<U\' hy fc~Ciin~ nne of Inc ciJf,,rin.: >UO>Illucnl> "rlh C!l'IIIC.Ihr:cby 
r:rl:r:n~ lhc \.l!t•rine •ln:n "·i1h 1 h><lrll\)l ~roup ('ec h)!ure 2Y!. l'h: rc~clu•n 
I• i o piJ ,,. on J \U)•·cnr in "'h•c-h boih m~ lena!', rc 'nlublc. • 1Kll he ml\ lure i' hdd 
~~ srx·cd:r cnnJ'IIi.;n, of lcr.tr::r-.lurc anJ pre')~urr untd the rc.arttun i .. complete 

The rr,luU\'1 i, I hen rccovcrcJ lr<lm !he rc<Cil\>n fr.l\IUfC. The "lhcnll\ \IIO!lyan 
ak.>hollm<l\1 nlrcn rmtlu:11:IJ. •ilhnu~h u...:: "' <>!her <i>l•enl.< j, ru":hlc. 

;, ·~.17 P''""' r•tcnl tJ:,_·riho lhc r:'l;~nl'(aclurc vr pcnl~rhloro•ph:t;:•l from • 
': ~ r ~ !:'.;: ~·,;,trr •J ~ ,,1 h~ \~ ~,.·h\nt Phrn /,. nc f • .~ }'~\ 0: n1 ( )'! !"I(C f t; ~ ~ C ·,_ !--.1 C\ h.:J Ol)~ j\ \ ~C 
,r:.!..;ttl. l1cl ihc: fCJr.,.'llnn IJ~C\ p!Jr..·c .. t ~;··.ncr~IUtC\ C\[ ~~r' In 11'5'' (" DnJ 

rrowrc\ \lr I ~5 lo .lt..U p\i. KC"JI."IIHn I im.: I' J. -~ ltl .\ h,ltff,, ·r hi\ tncthf\J I) k n1J\\ n 10 

h.:~·.~ 1'-<cn tJ,r( cumrr.;:rCiall) { -\r,cnJ'J:O I<J7(1). 

~. I!IIJiinn of 1hi1 p10<'CI> llonc Cih) fcnc ~l:<·"f >I I he ,llf\Cnl ~f.l,l h>~ X ell U<cd 

C0<:·.~CICOJI!_rlur lhc pr.,J;,;Iilln <•I ~.J.5-Ir .. ·h!:Hophcnol tl'ummonct anJ SC<>II 
l'i?t.J: \\ht!noJc l9)i) 

. 
i 

J 
:: 



• 

J • 

---... 

~~-------·------·-

-, ... 

:\ j'Uh.:cn cJoLri'r<J in annlhn l')~./ rJ\~1\1 UH':\ ~·:~t~r ;,t;\ lh( \il]V(."IIt in hyJro}ysi~ 
of d•chl<•ro- •nJ rr~e·~lort•b~nt:llo (ll.S. !'alent Ofll,·c I'J.Ih·J. ·r cmpcrarurc i> 
m"'"l3incd from 2~tl'' C tn )l)(J~ c: unn.:r all::tlinc contlitio:Js ~~ ~ulogcnu~s 
prc.-u;c_ Rr•rli,>n tin:c \~rio fron' :!.5 ltJ .1 houn. flr rhi< mcrhoJ. 
nwncx:hlorophcnuh a,._ proJu.;cd in y1dth pcatcrlh3 n 1\J pcrccnl l'rorn o-,m-. ~nd 
t•-<l~t·l.lo;ubcnrcnc. /.lcrx,·hll'l••phcn,,l is f,,r,ncJ ~> un imp"rity f;,Hn lhc <ltlh•>· 
..tnJ p:.11il- .s.t;o.flin~ mi\\(Ci~h 'hrl1Ut.h nnh rcarran~cmcn\ mc~han\,m.;. 

· Onhn.-hlnrophnH>l. wh1\h j, rhc mo.>t (ll:cly Jill~ in prn:ursor. u nor lurmcd hy 
.r\n~ rc::<an~;:mcnl !.-1"1 "proJuccd in~(, r<r.:cn\ yidJ fr,•m o-<lichlorohcnlcnc. 
A:,n. hydr;:>ly,i> ul 1.~.4-trichlorohcntcnr form> • rl•ixturc t>f dirhh><uphcr.ol 
:sor.1rrs in yidds up 10 95 ~rccnt. 

Ti\Sl£ 12. COI-.11.-\Ef\CIAL CHLCJROP!-iENOLS AND THEIR PRODUCERS 

Chfor~.nol ·M onufocruror(•l ------------------------- --~~--------------

o-Chlo<ophenol 

rn-ChlorOphonol 

p-Chl(}lophonol 

2.4 -Dochlarophcnal 

3.5_ · Ou;Jolornphenol 

2.4 .5. T ri:hlor D;:>lo enol 

2.4.6·Tr ichlotophe.>ol 

~.3. (.6- T clr ochlor";:ht rx:l 

--------------· 

Dow (hornical Comp~ny 
Mor.:·'·"o c'ompony 

EcsliJ,an Kcxial. Cornp>ny 
Aldrich Chen1!tol Compnl\y 

S~ee::11:~ Oqp:tn•cs:. Inc 
R.S.A. Corporcrion 

Dow Chom•ca! Cornp•"l' 
Monson!:. c~mpMy 

Snec•.:l1y Orot~n•cs. Inc. 

Dow Chomicol Company 
Mons.anlo Con•pc'ly 

A hodo >. !r.c 
VenAe. Inc. 

Vefsrcol Chern~l Corporcl•on 

Afdrrch Chon'"'"' Cornpony 

SD'JC•alty OrQan..:s. Inc. 

Aldr~ch Cllomoccl Company 

Sro-e-ciel1y O•g•n•c•. Inc. 

00W Chom•cal Compdny-

Voruc. Inc. 

O.:>w Chom•cal Com~ny 

Oow (hem>eol Comv•ny 

uow Ch~nHcel (?mpany 

Vulcon Malo.,cls-lom~ony_ 
Ao•chold (hcm•c•h 

..:_ _____ ------

··:. ____ _ 
. - -·- -----------~-
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~-
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VOH. co, 

a 
I 

Ct.0 ,CI 

l / 
Cl' " ·CI 

I 

Cl 

N~H 

SO~[ ra~C(SS 

Hlli.!t~r! 

f»flOt I 
ClllllSl 

!OlHl l 
u~~ttusti! 

C Ill~ I Sf 
~.;.-:.[~~ lS til 

(' 

--lOlf[WJ l!C'JiifO 

Cl 
I 

Cl-~OH 

Cl'y'Ct 

d, 

Cl 
I 

Cl-~OH 

Cl)v,CI 
I 

Cl 

A 14~7 r•tcnt Jocri\><:, th< uic nf. comt>inct.l mclh~nnl-" atcr >Uhcnt •y>tcm 
{U.S. l'•tcnt Off,cc 19~71>). lcmpcl>tu.-c "n•••nlamcd at l7o• tu ~oo· C. under 

•bovc-~t:to~cnous prc>1uro. Reaction linK t> I hnur or'"'· 
,\ I q(.q ?•lo nl <!c:><:rtb« \I i11 another \vl' c nl. dt met h) hull<nidc ( 1l !-.I SO) ( ll.S. 

P.tc nt Off•cc l ~~q ). li><: of I h" wh·c nt tn ~ mi .\I ur.· \\ 11 h "• !c r f•<l n1 ;I> 1 he rc• CliO n 

to :ale pba •t a·nto>pher•-: prc'uurc; Uthtoc l•yJt•JI)'·iJ> t•l hcuchlurol-><-nltn~ Ill 
fXn1Hh)0fllph<1Hil CX:euo, at 1pprO.\IOlJic)) 1~5" (' Jr\d 1' (llJnplctt 10 •htHI! J 
h~ur1. Th11 pT<wo• •pf"'rtnlly h~• nc,·:i 1-ccn apphed C<'mmerc~ally. 

When arr •lcohol" ''''" "' a ,,,J,·:nl, the chemic"! m:dlln~>m thll t>.:cur• 
·. invoh:c)' .:1n in1l1:.d cqudd,rn:m rcOtClH.>n h<'l\lo.tCn 1hc ak·ohn: z.nd c.:au .. tiC' In Corm it 

•od iu m 11~ o "<.I:. "'h JCh j, I he rc J ~crll I ha; •ct u•llv a II a-·b I he ch lnfl't><· n ItO< ·; he 
comP<Jund formed lir>t 11 the •lcohul clher nf it.c chiMnphcnol. On ll>'ldJns. 
rcurangcmcnt nf the cnrr.p::Jund.occun to form the chlorophertutc plu1 ar,y of 
several side rcJl'ti<>n p:oJuc-11 (_..;jJ"dl ·1~761. llll\ lt><ChAnl>nt ;, "~n1for:nt 
Jxc•u<c rl C .\plaon> tl-JC">;tn~">ltp II:>! II I do\l!n(l phJ.\C in C<>nlffitr(o~l /lytfroJy'" 

>C<jCtnl'C\, ~nJ i: ·'"" npiArn• ihC Wb>laqloJI 4Uanlol)' .,[ b)rrotfuc·t ornpuroloc( 
th•t arc dcrivcJ lro:r;·thc okohol.v>hcnt•. 

In allthe·\C pr(l('O\C'I.Ihc rr.>Juct ;, f(((l\tfCd lhrou~n cilhcr ::>ft,..,, rnelh<><ls. In 
one. otractwn orito hcnltnc "PJT~IC' the or~•n•c ntalerllh frorr. '"Jicr. ••h. ~nJ 
ClC<'I o in tiC. Sub-..t<j\Jtnl ncuum c.h11illot""' rKI.m" the h<:n/cnr lor rr\)dc Jnd 

•l•·o s~r--uat" th: cl-d'''"rhrn••ll into flJrtf•eu fr.nion.1. I·\'JH'I"'" \lllh 1-cn/Cne 
(or • S<ffiiWf snhcnl) 1\ rrvi•<OI)' the prdcrrcd prouue\ recover) mclhcod l<•r 

chlaru;>henoll of I->"- cr mcl-,uiH "C<~hl. C>[>"Ct~ll) the Ill•""'" H•J u<ddur<•· 

rr<0uCII. \;r,(C lhe)' ore :nurc CJ>Il)' d<HJikJ than lhL' :'\c»icr rrcxlunl. 

-----------
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·1 hr: .ail;n:.Jit\'C" !HPJt'C1 lfl'o.'\C"fY rncrho-3 t~ to filler the fC;.t\."!!(.tn mtxtucc. 

pcrh.:tp\ ol!.ftcr p.JitJ;d ncu~rn!tt.tltl.ltl "'' c'u!.r~'t~lh11t ;tnJ \Ub\C'"'l:Ucnt c'lehnf.. 10 
fC''I.·t.:um U;I~C"Jtt:J r\\i:•..:hior(\tCC\lt"IIC'. l he 'hll\1\1\H\ ''then ;s~o:i(.tftcd a11J fi\tcrrJ 
a:-:~1n \\' (tl:k..:l ~lv: ~<,hd rru~iu..._·h. 'llH\ \ :lf\.1\1''0 I~ prnh~~!y hC"l\ -4;.uitcU h\ 

tc~,,-,,,o~ 11! tri·. tctn~·. t:.nJ prn\~\\·hlnrnph!:r~~h bct:il.\1:-..c thr\C· J'fl}dul"\) nnd the-IT 
r;,-... 1:\:llrt\:\;, :He \t~ln1·\ ;\l r.-.,,m lcmP"Ct:.\urc !tnd thcrd\llC c~n t->.c rcmtncd Ohl/C 

C.!\th 111 lhc f1!tr;~.uun ~·~rt'tliVi\'. 

("h In H•phr i)IIJ.. CJ n tx ru; d ted ~:r Jist d IJ t 1\l n t () ~c r:n :.st c h ttL· htll il n;: impuril it·~-
1 r~·l,nlCJI to:-.nJhdl!\ hn hcnt rC"{l{lii(J 'n !~rcc IIJ).l r~tcnl\, 10 \4hll'h punfiC'IJ 
r-cnl.l;._·h\nr,,r:-tcr.lll J!. :'"r~ncrrJ i~ ).:l• .... ,J _\1clJ ~y hi(!h v~,:uum dl.t:llblltlllln th:: 
rrorll,·r l 11 d><nl><•l >tJbili/CI\ 1\:.S. l'.I!C~I ()lfi(r 19/~J. 19l411. 1·)74,·1. 

I "l.J r d 1: J l~t•n ~~i ~. ""'· ~-l ~ ·~·h hH \ljl hcnt.tl hy J 1\l illJ 1 iPJI h.:~\ a t~.t) h<c n r < pnrt rd ( \Vo: I~ 
llr<lih llrt:;nl/,!ll'n 1~7/J 

1 he h·~h-trmp<••t.:r.:. hij:h-prn>urr. Jn<i ,,·,~n~ly >llltlrnr C•>nditll>n' ,,f lhr 

hyt.'fol~ )I\ fHl\o.·ns arc "'''Hilu.·,vr In I he ( tH rnd litlll ol O~tl.\ •r• ... -tlntrt'llnd\. Althou;;:t 
011[ In r:l'.,C"f!l (J .S. \..l,[llniC"fCi..tl \1-.(", the h_\dft)f\),1) n1311UftL"tUfC ul r<'n(t~l"hftHP· 

phc-noi h:.l.' (:.pc- ... ·i:J!I~ IJ\l'I.lblc lor the lormutrurt u1 t•CiarldllruJdxr.to-r·JJn.\111 

tOCPDhh~.Jfl ~.\. p 7~1. t\\ J('-t.'llhnJ 'n nH•tc drt:nl llt\1 lfl rJH!. '-t'\.'hPr .• the 
ct~mrr.nt-IJI h_,l 1 ;oi~SI'- tllrlhod_l\ lnov.n lu rhxltk"'C 2).i .. ~-JCiil> J,·,Hn ~.~ • .t.~

l~{fiil"hltl!ut':ntrn•: 

Dlr<CI cnlori:utioo m::hnd-D·r"'l ,·h!r.:inJii!>n lxf:~n, hy lh< ~dJ•:•O" o( A 

hyJrll\~l fTC'orr lO ~:rliCOC (I..J ft~:l:\ hydClll~ ~1"1./~t\C (I( phCO\ll_ f hi\ comp~o.lUOJ [\ 

n\..,nu{;h·tutC'J tn \fXo,.'ttt:orC'\1 plan h. U\UJ.tly _lhrL'u~h \UI!ll(\.Jt•,,n. cl:lf"~onJtwn. "'' 
C"ltJi~tn.· ,,\.dt~tl"ln \\{ ~cntc:l'; l>Hl\Hl'l. tu\: rH.H h<-cn rcp,,,·~cd t!\ r~q;lht\)! ~rom 

th1} f'\.Htl\)n t\f th< pr1 .... :-::--': tht-. ~ruJ~· h \hcrrln:c (\1nl't"fncJ f\nh· w1th 1!-lc vc'\."l'n,J 

pun of th.: Yh•C""':"""l\ 1n ',),hl(h phcr.t'l u r-:-:a~.&rJ ~1\h ddonnc to hHm \"JTlO\.a 

r hlnr ''r t,c n .J: .. ·. 
l he rrJ.:l•nn PI phcn,,l ""ilh chhHinr :J~.:ta .. lly for on a rni\!liiC' of chlnnn..ltrJ 

rh~IHlh hcc ~I.).!Urr. ~)_ lithOUJ.!h I."Crt;,m Cnnl~ll'r•~oh JCC hlrmcd. p:t"fcrrntl.t11~. 
P:l<(l rhbli:JJII~n ;, praCI!Cll. thcrrfdr<. only If l~r do>rcJ rr<'<fu(ll\ ""'oil he 
h11-!J1-!1rld l'llnlf"~Ur.~h-. F.\CCf'l (o~ )..)"14-·\nfumc- $pCCI::SII) iuH71Cf\ t.nJ lhc h!J,:h· 
'ttt!U:ll<: : . .J.~ 1\om:-r. ;dl \OlflOI<'f~o."l..tl rhJVrPphcnoh l"':'k.IJC" In rhl\ l·nunlf) .bt( lhll~C 

l~ul Jf< lPrmnJ prdcrr"''''" h1· lh1> procc" (llu><r 197~; KM•ll~~q; !>nnter 

1'17~; Chrr.11l"!l J· n;;:n~rrr.~ I ~7X) l hnr tn,:iuJr mvn••· > nJ d.chlorophcn''" 1ho I 
l:fC \Uh,lllt:tcl.! 1: r\.J\I!.Jllr\ ~and .t, ,!\~ q·mniC'lrJClf _:',..S.f'-.-{rtChloru;-thcnof l'f~~nJCt, 

:'.l.~.~·t<lr~c~!.•«•ph<"nn:. ~ nJ [><niAI"hl•>rophcn,>! 

Chf,,fii\A ''''n •)! rhCiul: C'o1 n ~ ..':J(lt•n_l(lls\hcJ ll"l h.a tch ''·""l\ln. hul I\ ~ .. : ,~;tlr;J 
(p :hr i'VIIIIIIUllU \ r r\1\."0\ \htl'lolro II nl \:mpfdtNI tn"t.rn II: f .lf:U.f c .lU ( .l ~ S. 1';31rn1 ()I(!("( 

I~W . .-;,:11~ ~~~Yi I >.;u•J phwnl ~nJ "' "'"" ch1,1rrnJt"J rh'"'''' .,, r•\\rJ 
Tllunlc:tt""ulf<n~l~ """" d·~l,tnn_c );.l' 1nrou~h ;~ "''\\ ,,( rc•ct•tHl 'C"'\~h I P·~o·c 
:am~nlnh \,t ;\lumtnl..!tn l."hl~..~r,Jc ~,·aiJ.l~ '"t arc ~d(k~. U\U.!.ll~ #' .s -...ep.J.r~tc lccJ •n~v -.n 
inlcrmrJL11< ""tl 1'-1u•pmcnl "'<tcJ "' th•: •lithe ~hiMH>C h •• .,..uri"><:J tl~ Inc 
phcm'L \he l-J,, phcn,~t,·t,!"H~inm}:. ''")o . .r;la u'\l.a\!~ hu1h .1-.' '-C"ruhhm~ ~nlumn \l., 
c:nu•r rt,mp!ctc \.'hh'TIIlC ilb"-.tlJphnn. {ia\ lc:nlnJ! \he \.~:rubb<-r i\ J.r,h~L!nlu' 

hrdrn~:n rhl<~r,Jc. u h11.:h I\ rithcr u'nl1n uihC1 "ht"mh·ll Or<"fHlic>n\ t'r J"'·>h nl tn 
"'-J~cr It, f.•rni"\~t'h1Jnlll11~ pu·r h~U'''"·;.:h!or,r.ar,J I\;' h~\j'!'t~u\·t. 

I ~:c (hinntpth-nld cnrn~1VnJ 'C"fCll_cJ ·u, JUC4IC''\.I ,1 ~olin( ~y I hi\ pr(\("r::o." 1\. 

<'l•blnhrJ ~y tMc ralrn t>l frrJ rHo of chl••flnc •nJ phcn.1l f'cr~u·.r ~~~c~f,,r<n< 1> 

.C•'IhUmcd. 11 ·I\ led )( tatt'\ I hl ~ IJmC"\ the mok'-·ui.J~ pfllf'>CrllO:'l .._,f pla·n<'l. 
Jcp-:nJ•nt ''"I~ r:o::;•p.'l rr.>Jurl dotrrJ. In prCI<nl C\CC'\11< 11\IJl:h>n lhot 

. rh~f~>.-(\ nttnr!'\-:-n,dlt" rhhlfi~JI cJ Pl J,:J Ill~ (tlrllrd_UIHh, {Crt!P<f~ 1 uro J (( (.) rrft:lh 
tr~·u!Jtn!. t~r ·J•'J•I tcnipo;nr11rn .,,. 1.'-'.V '"PO" C [:>r [>'llla.:h!llrorhcr.ol J1:J 

t ;o"' C h)r ~- ..:-t!,~.: h!~'r ,•rl:cn''' Pr ('"u rc I\ l r !'1\~hrho,,:. :~ nd r~ t.'llt.ln t1mc" ~ \tl I~ 

hCIVt\ (l:.\ f',rtnt l)!l,.·c IYI-<11. 
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The mt\l~« !r0r.t th~ (,r,t rca.:<ion \nsd can k '~cu;nn-di,t il\c,!•.o >q,,rat< the 
'ori0us comrounJ>. llnrcJc'lcd nhcnol.n<! anv undcsircJ kss-chlorinalcd nhcrools 
"oukl he rc<vl'kd. Tn m:<i:c sn~,,- r:•><l~CI> ,,;r which nuril\· st;~ndatd\ :tr~ ra!hcr 
nc\ibJ::. \·rr_,: l111!c purifh .. \Jtit'll j, nt CO~r_r. OJnJ Sllllh ... pro;·c~s~~ rnay ir.•:luJc ntl 
lin:1l Ui,tii!Jt\un nr ,.,\her trr:3:t r.1cnt. Aht>,;) chtPtJnatrU produu m;..y h<- w1thdr~wn 

from the >rrt:~!x·r (U.111:l11~· a mi.""'' ct ~- ~nd -1-m<> no- nr 2.4-<.ftchlo;rnph<~c>IJ a~cf 
OlJ_f b( tither LIJ~tiJicJ. with p~lrtions rn·y~k0 ;c> lh: fir~! rc:arlor for funhcr 
cid<Hin:.lion. c>: S1>id as i>. 2.~·f>iuiuH:rhcnol may f:>< furlhU rrLCCHcd tO the 
rhcno.,y h<rbi.-•Jc 2.~-ll. 

S\lppkr.\tm:d prt)CC',)\\~.'\. ~lcp.'i m:\y b.:·nccc)~J.ry ~u rcm(\\c: contaminl.nl:i su~b 

a:' ··h:.,iichlarl)~~"nol .. \hc.\:I("hlun1..:ycl\l~(.,itJicnc-1.4.onl..~-J). Ui,n:in), anJ 
furans fr,>m I'Cf' noaJc by I hi> pr•JCcs,. llcuchlc>r:>rhcnoJir:tJ)' tx f,Hrncd during 

the pc0CI:Ss hy (\\ crc:hlnrinali\)0 of the rcact:_on "'"" ( u.:-.. l';tlcr.t Of!icc 19.\9). 
[)io.\IIIS moy· t>c.f<Hmcu dunn~ o>Stillotion by the cnnd<n.'-ltivn of t'CI' with·i!~c!f 
or with h<~"~!oropl•'~<ll (sec ·rablc _;; h"'= abel Figure 24. p. 7!\. 

f);..,.,ir.s fo,·c t>-:cn rrpc•n,·d in nurr.croJus s:tmrlc, of PC I'. as ;hown in l>h:c S. 
A!IIH'u;::• hno·l'll!>'s. hcrto-ClJil's. o~d OClJD ""known to!><.· prc.<cnt ir 
conu·:crciJI PC I'. ::' .. '.7.~-T~DD h» r.ocr t><c•: fout,d (ChcmicJ! fZq;ula:: Jt. 
Rcponcr 1');~: \ 1.S. [rwir<•umc:-.t,l Protection Arc~ocy 1~7~c) 

:\II PCI' r.udc in lh" t'nit(J ~l.ot,·, ;, pro>t!u····J ~y lr.c cir,·CI rh!ori:-.:nion pf 
phcn,>l: ;~rpJrcnlly 1hc n:cthod in1'olnnj: I he h)d:oJiysi; nfhcxac~loro!:><n;cuc hJs 
ncv<r hc'n u>nl cur.Imcrc·i•ily fM l'Ci' prorlue1inn (.-\m~rica11 \\\>od l'rcsrncrs 
lc.<rit urc l'li7). Po•> rcpl.l;l~uly chan~=.•·J it> proJu~11:>n r·r•K~>s ir. f')/2 to produce 
" J•('!' with lov.cr dioxin CoJnt•'•ll: :he o.thcr two proJu,·c;:; o:·I'C!' ~rpa;,nt!y ha;-c 
norfpffo"cJ Dow·, lod (Ch<oni,·al Rc~ulativn J(cponcr 197~). l>ctails ol l>clw·s 

rrlKC;' t·hJr.,>' were nol rcrun:J. 

l'rl•duc·li<'fl-

PII'<lucli0o liturcs l·m Ji- and t'trachlorophenofs arc not anit.blc. Althou~h 
C11rrcnl fi~ur" f•H f"nlarhlorophcnol pocuction arc ahro not HJil.1hic. it is 
o1ima1cJ from prc•<.luclion c.po.:il)". i:>lorrr:ation (Tobie 1.1) !hat {i.S. 
manufacturers arc pr.nducing as mu.:h as ~J million pounu; nl PCI' annually. 
AnnuJ! U.S. trichlt•o !lphcnol production is pro\>abl) ~ho in t~.r rJn~c nf ~0 mil:iun 
poun,h (Crnsby. Moilanen. and Won~ !973!. 

,\, I a hie l:: inc! ora IC>. ch I<Hophc noh > rc a rra rc nl fy rn.J 11 u (an urcd h_r a 1 lc ast II 
ronlpJnio.,.. h~o:h r~procnt two.dil·croh' group.< o( chcmic·al pr<l<Jurcr>. or I he 1.1 
<•>mmcrci.ol chiL>rorhCJwls. 7 arc made l>y l)c>w (."hcnoic~ll'omp.wy in Mid!Jno. 
:Ciichii!·'"· E~ccpt for 2.~.5-tr:chlotnphcno!. ~II pf the isomer> r.>Jdc hy flo"· arc 
ih<>,c lc>rmcd prclcr:ntially ihrc>ugh ~ir:ct clolorinaliC'II of rhcnnl. Com~ctiti\~ 
.... :rh Oov. in the sole of these sc-·cn rhloJr•lphcnoh arc four otl-:cr cnmr;.,,ie<: 

f-ions:.<•<l.l Comr·•ny-;;ac•t-<t. Illinois 

Rcichold ChClnic•ls. Inc.-- Tacoma. ·,va;hin~ton 

\'u!c<.n ~iatuiai< Company-- Wichita .. l:an!kls 

P.hoJCi. I~C. · f'rc-qH'rl, 1 CU.I 

All of thc<c <'llmronics "'' COFlf:CJ f,H the~''"' ~Jr\ in the"'''" production or 
or,anio: chcmocah for wuich mar lei dcm.- ~J i1 rcloti1 d) .:on,t:<nl. Thc~c 

(<l0Jr.dnic5 JfC f<~Jrt:J IU hCJVY Ch«:n,icaJ prtldUCii~lr., ;JnJ l'hCif rr•J..!UI."IS 3rc motcJC 

tu co:nrncrcial q,lltbrd, <>l purity JI!C ~" U.\uolly l01d al rdali•cly '''"' rrico. 
·1 i:c nlhcr si\ c"hlorophcno!s Jr.: noJuc b)" li\C <<>nTJniC; that ;!<ncrclly 

ma.1ul•~'"" l;nc or ,pcc·iohy .-hcnucah: 

Vchicuf (hcmirof c,.,r. -R,·auiiiOOI. Tcus 

EaslmJn );.)JJ~ Comr•ny·· Rocholcr, :--;cw Yorlc 
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TASLE 13. 1977 P~NTACHLO~O?HENOL PRODUCTION CAPACITy' 
- ·------------- ·---·- --·-------------·-----

Productf.or. k>cetion 

l.lodl•nd. j\.\1 

Mon:).Jn'o CoopJnyc Saugd. I~ 

luoma. WA 

W•ich;ra. Kl/ 

Tot•l cap•city 

1977 Co;>>ei:v 
(mi!Jlon! ol r~l:n~1 ,, 

1 J 

;;(. 

20 

16 

:s 

... --00"'1 (..-~\.c·d ro- .. •~o."(l•~l' (Ill~,. ).•_').j.l.·•~ ~~~ ,"J/ P,:P lik.•.....,•C•Ot- CJ: ,,..·A,l••t 19 :J.J 1:Jnw (~'('""";<_'.;;\ 

(('HI\('1./l'( \~7-JJ 

c-~•or.UJ\IO :.:()o{lf'-t.! •11 FCP r•OdvCI·on Ol of JanuJ'r 1. 1978 (0QHnlf'l l978J 

Ah!ri,·h Ch:IIII<"Jl (Cl .. Inc.··· !-.f,l-.•ulc~. \l, J\l"On>Jn 

S;><c•alr! Orpn•··'· ln.: ... lr" inJ,k. C>lolnrr.i> 

P.S.A. l"•"r•'=-"ri•>n · t\nhky. :-;,,. YClrl 

Pr~'<lectl rror.: tl:e\C mJnub<"t~:<;, •!c pft:n l>•l<"h·pH•Ju,·cJ under ,·unlract 

-..<th >p<CJfi.: in:!e,:riJI <"u.:omc:>. )umctJrnc, tn tu):h >t•nd•rlJ,,,rpuril}. I he) 3~C 
nta!luiJclurcJ in 111urh H:1Jllcr 4uanlll1n than cho>i dc~:iht·J atltl\C, t·,ll,:n 

inter minrr.t I). • nd the~ .,, ·s,>IJ al a rcl.Jtl\cly l11~h pflcc Ortcn.l ;,, pr.•dun_, from 

1hcs: compar.ic• arc L:,rJ in I~< manul .. <"lurc ,,r phar~n•<"Cut•="k phnto>••rh,.· 
ch('mic~d~ . .1m.! ":11ib1 ;..~~~.-~uahl) r:h:.na(~1 m;.Jtcuab. \\ 1th0u1 C.\.~cptrnn. I he 

chl.)ft\i'~Cnll!.'i .lll:Hk b~ :JiC',C' l"llnlp.3niC) 4Hl• lhtl~t: 1101 ltHnl('lj f'IdCI!.'Oitdl!y 

throu~n Uirc:rt ch:clnn41tion uf rhcn0l. -
·,\11) chlor<iph<n"l "rth • chh•rinc ~tnrn at l""ili.nn ~ (nrth<•la I he h)J'''-':•1 

t:r\)Uji} r:~:t} tx • ·rn·cuoor I1H diuxan f~oHilli\tillll. ~Inc of I he H r:o;nparnc\ ~r~ 
rcrurtcJ Ill nJJ~C Jl lct4q Pnc t'hi\Huphcnnl ur lha.-. tfc:-lrlfllllln. PolcntiJ~ l~·r lh~ 

liC'C\Hrcr:~.:: <lf Ultl.\tn" i\ thrr('ll'fC n~ol\ IJmatcJ to l~.c rnlnu.L:~..·turc: f.lf \·hh\fl'Ph('n\''-' 

(or r<>t·<"iJ,· uie. . 

11 ;, not ln'"'"· ho«ncr. "hclhcr '"' h)Jr.>l),;, mcth<>J. -..:hi.:n ;,c'f"'i•ll) 
conJu~.·i,c 10 Ui~nn1 fnri!IJ~ir.n. i., U\.cJ lC lll;tlc I he lo"'cr·\olumc chh)i,,rhcnPh. 
In m~r.y IO)tJn .. :c'. lht) m(."lhud rn·~'Jhl) is 0\lt u.,t·U bn·atl\C' ,;,r pJrcnt 

p~>l:rhlu;ch·:n,~,.·;'\ .... ) ncl."{k·l r~~=- r:t\t. m~.lfcri.th ,.,u~dl) C~!!llt~l· X d!lc~.·tl) 
~! nthc\itrJ h~ (\li\\COI1t'rl4ff rhll•CiflJtion tcct':nii..JU.l''· rtlf pr~\c.!w.1i1lO td u;

chJ.HophcnoJ in hr~h ~;cfJ,. f.,r namrJ:. f<Ocr;oJ Ch<"mil'"J tCICfCO(CS tfncroh< J 

'yntho:, route t!-ul in,vhc,l·h:tHi~=tlwn tl( ntlrtl!"H~ntcn~. !ofi,,"~J (,·y rrJuction. 

dt.l/oti,,dion. :~nJ n~JrPI:O''~ tll the ~;!r:itc t:r .. •ur 1 \'IIHlj'J:i. ) arn.unolll, :~nd 

(61,iJa J-}7.\}. \ht!\Jlll'j' hl'l'h. ~·!0\.."C~~C\ tll lhh l.\PC t·.~· 1\l." ... ·t:,~:l:"~ 1,, t.';IU'C" rf:~,.· 

\.U!J\tifttCn!_\ It> ;dt:trh IP I~C fill_'~ Jl llllll;l:t:f.d P'J',I(IUII.' ()..:1'/.Jl ltl7lJI. .lhC'\t,' 

';-'l' .... , ... J:,~\1 ?''IJt.rttllr'! :n~·{h,..J, :tr~ n,,, ~ddr~·,,rJ an thi, rrpnrt 

I he r:.ntJr~ (h:-n.~·J! prtiJ\I~·rr~ (]~.· .. nih ... :tJ :!b\H(' :lf\" ntl( lh'..· llllly l'OnJrn(f(l.\1 

:-.nur(C'} I'! dlltlft);lht·ntd\. (i!~(l C'PnlpJn:c\ r~lr~·h.l'\l" t"h!,Hnpl'h.'Jitlh frnm prilll;ary 

prr~.!u\·(r\. \.tlnl~•iliC (hU:1 \'oilh clhcr in}.'rn.J:cnl\, f-\llJ fnJflrt lh\.' ror~nu!Jh'd 
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produ<ll. ~till others dol o:->ly in distribution of the chemicals or chcmiul 
mi,rurc;. ~lost ofren the tr3Jc ;ume of the product chl:lgcs czch time it is boCJght 
Jn<l wid. 

1:~.5- Trichlorophenol 

in IQ']. h:u-. hcp:a-. and octachlorodioxins were fount! at eoncentrariom t•f 
0.5ro iO ppm in lou• 0f six t;ichlorophcno!sJmvlcs analy;-cd. Tctrachlorodio~ins 
were n~t ~c\tncc (0.5 pp:n le"cl of detection). The research report im;-li:s tharthe 
2.4.5 isomer of trichlor0phcnol was txing analyzed (Woolson, Thomas, ar.d Ensor 
1':172). 

Also :n 1972_.,nothu study showed din:< ins in trichlorophcno!s (Firestone ct 3!. 
!9.12). Isomer; identified in ~.4.5-trichlorc•phenol (or its sodium Hit) at ppm levels 
w:rc 2.7~i-. IJ.t>.8-tctra-, 2.3.7,1\-tetra-. and pentach!orc·dioxins. Hi~h lcvds of 
2.3,7-u;;hlorodi•l.,in (9J ppm) and I.JJ•.H-tctracnlorodioxin 1~9 ppm) wcrcfou11.j 
in the 2.4.6 isomers of trichlorophcnol. The in\'estiptor analyzed for. but ci'uld not 
detect. m,1no-, jc.u-. hcpta-. and octachlorodioxins in the;e trichlorophenol 
S-3mpb. 0Jta [ror.r.rh:s: two studies arc included in Table II on par,e ?~. 

,, u.~. EPA p<.lsiti~n document on 2.~.5-TCP (U.S. Environmental Protection 
A~;~r.cy 197i;i) \I'll prepared to accompanv !he Augu;t 2. 1978, Ftdrral i?tgistn 
notice of rcl:outtablc prcsuonrtion a~•in>t continued registration of 2.4,5-TCP 
products. The po~ition document r-ives: he following description of 1 he known uses 
of tb.is ch:mical: 

The br~<st usc of 2,4,5-TCP is a; a ;tarting material in the manufJct~re of a 
series of inJu,trial and a&r:cult:Hal chemials. the moq notable,{ which is the 
h<rbicid: 2.4.5--T and its rebt:d products in-:lu<!inr ,:lvn [2,(2.-1,5-
tr• •,;No.phcnoxy) propionic acid), ronnel (0,0-dim:lhyl 0-(2.4,5-
trichlorcrknyl)-p'•OSphorPthiuatc). ~nd the bactericide hc.<achlorophcne. 

2.<.5-TCP anc :ts salts arc used in the textile industryto.prcscr>·c emulsions used 
in<>)<'~ s;>:nninr. ~nLI sit:.:. prns. in the aJhcs:ve industry to prc>crve pol)'\'inyl 
acetate cmulsior.s. in the leather indt:stry as a hide prcscrYatii'C, and in the 
a,;:c::.otive industry to prc>crn rubber p;ht3. The sodium SJit is used as a 
r•-o<: •atl\·c in adhcsivu deri1·cd from c.a:cin, as a con~titu~nt of metal cutting 
fluids Jod founJry cor( washe., to prcYcnt brca\;down and 3poilat:c. as a 
!:>Jetrricid:r fung.icidc in recirculating w>tcr in cooling towers, and as an 
al~i<:idc!slimicide in the pulpipap<r mandacturing industry. 

There arc snme minor u~e; of 2.4,5-TC P a r.d its >a Its in disinfwanls wl;:cn arc of 
m~jor imror:ancc rdati1·c to human c~posurc. T!lcsc include us.e on s>.·imming
po?l-rd>ied surfaces; hou>chold siclrnom cquipmcnl; food processing plants 
and c'luipment; ,·ovd contact su;f:~s: hn.l[litai rooms; sickroom cquipn:ent;:~nd 
bathrooms (incled.ng sho-.·cr stalls, urinals. Ooors. anJ toiitt bo·•·h). 

It is tpparenl, therdorc, that at! lh~ USC'i or 2.4.5-TCP nrloit the poisot\Qus 
chua:lcr of the compound and its dcrivatiHs. As a pesticide. i! is subject lo LI'A 
rq;istmion in all of ;:s apr-lications nccpt those assnciatcd with food processing . 

.J,fanvjaflur~-

Only trJcn mounts or 2.4.5-t richlor~phe no! arc created hy direct chlorination or· 
pl:•nol. I! un be m:Jdc ;n ahoul :;o percent yield hy rcchlorinJtion of ),4-
Ji-:h!ororhenol (U.S. l'atcnt Office l956c). :->cit iter or these production methods is 
in col'l'm:rci;,l usc in this country. 

I:nmestic commercial production is accomp!is:Jcd thrn-.:Ei' hydrolysis of 1.2.4.5-
tctrachlorob<:nl'ne, which is ~ principal isomer produced by rcchlorination or 
v-<lich:orob,nlcr.c. Com·ersion ro[ this chctni~•lto the sc>dium salt of 2.4,5-TCP is 
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3 batch reactio~ wotn caustic soJa. Sulncqucnt ncctr~li7.alion wilh n minrral aciJ 
furms the pr~uc1. The basic process is a typic~! application -:>f !he hydrolysis 
method of chlorcphcnvl ;Hcxluctinn described earlier .. he reaCiion scquenc-c is 
~iwn b<low: 

CI~CI + 

CI~CI 
2Na0H 

-· CIT(YONa 

CI~CI 

5-l R I ClilGRO?H(SOl 

AI lc;~sl lhrc-c \"3fiations or lhe bo.sic proccs.< have b<en de.s<:ribc-d in process 
;>ale:~ls sp«if!cal!y for produc1ion c.f 2.~.5-TCI', differi11g only ir. the sui\'Cnts used 
and ;herd ore in t~1: cvnditinns needed 10 drive I he rcaclinn locomplclion.lhc first 
p:.tenlcd proccs; ( U.:,. P21cnt Office :<?50) usc-; a soh-cnl of cth\'lcnc ::_!,·col or 
propylene ~l:coi <1 prdcrrcd ltmrcr~turcs of: iff' 1<.> txo• C and pres.<'ures ~p to 20 
psi. A scconti po1:r.t.thc 1110st recwt {l.I.S. l'atcnl Oflicc l'l67Pl. describ<, I he ~sc 
of mc1bnol as 3 soh·enl. wi1h lcmpr.raiUrcs ran~ing from 160° to no' C and with 
prcs~u" los !h~n JSO psi (pr0bahly 50 10 200 psi). Bolh 0f lhcsc alcoh0l-based 
pro.:rsscs require I 10 5 ht1Urs to '''mplcle. 

A third palcnl (L'.S. P~lenl Off1~c 1957h) rlc;cribcs the usc of wain :ts lliC 
reaction ~o!,ent. usc o( water llcccssitales the most s<vere o;.cralint 
condi1ion~: O;'<rllins lempcraiU:es from 2~5" to 3!l0° C and pre~sures from 400 
10 1500 psi. This m:lr.vd pcrmi:s ):realer produclion. si11cc reaction lime is reduced 
10 nc> more than 1.5 hc>urs and in some instances 10 as \inlc as 6 minutn. In addition 
10 its prcduclio~ cff:cicncy. \he W-ater-lz.sed process c\iminaleS the sioc rca:tions 
between c;su~tic and th~ alcohol ~olvcnls, which forr.1 undc.sircd ·impurity 
compounds. The process also impro\'Cs produ::1 ;icl:l and clirninalcs solvcni cosls. 
h appeJrs. hcv.cvcr. that the higiHcmpcratule. hi~h-prcssure. and Slron~lj' 
al'<aline cond•licns of th: ,..alcr·hasc<l process promote a conlinuatinn cf the 
reac1ior.. in "'hi:h 2.4.~ TCP com?in:s wilh i1sdf to form 2.3.7.1>- Tl'OD (sc; 
Figure 13. p. 59). 

The pateni e.\Jr.ipks·CIIcd at>ovc arc fai:ly o:u. and dclails of the curreni2.4.S
TCP rroduCI inr. mel hod; arc dffl icul1 to ohta in: A 1978 E P ,\ report on 2.4.~-TCP 
brieny dorritxs .prcsent·d•y 2.4.5-TCI' manufaclurc "s a reac1ion of 
tclrachlorob:nlcn: \>.·i1h caustic 'in !he prcsen(C of mClhJnol al·l PJ° C under 
prcilllre. Ailhnugh a final pr~uc\ rurifrcation s1cp is descritx-d in 1he most reccr.t 
paienl oamplc (U.S. Paten! Office 1967h). the EPA report docs nol rlcscrib< it. 

·A more dc12;kd estimate of cur;enl produc1ion muhcxh is derived from 
(r>~mcntar}· descriptions or both L'.S. and forei!!n ope rations c Sid...-cll I 976: World 

. H~ahh Organimion 1977: Fulicr 1977: Whiteside 19;7: F:~diman 19N: D. R. 
Wa1i:ins 19W).(CJ;,c p!Jr,t from whi.:h much of this informJtion was Gcrivc'd 
ceased produe1ion ~f 2.~.5-TCP in 1979.) Figt•re )I is a OowchJr1 prc;>Jfcd from 
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1.2.~.!" 
Tou achlorct-;,1leno 

Sc:!•u""I

Hydcc ·'' )d r-'--L---. 

\\'!tl~r-

IAtcohol 

1.'lecycle 

I 
f-------~ 

1o~LJeno -- . . · SoooJ 
D1SI•Ilo-I10n . _._.. \V~sle 

lc.luene 

--- Hydrochlori.: 
Ac•d 

Cent,uug3tion t----- i.vastewalec 

~-A" Em;u;oo 

F .. vro 31. Flow char! lor 2.<:.5-T -" rn-'lnulocture. 

l~oc ~(>urces. sho,•ing lhe m'l<t lildy procc-;s deuils. In I hi~ prix<'~inr, scheme. 
alcohoi ~nd.e>u,llc ,·, mi>cd ;>,nd heated. Tetr~cril.orob<:mcni: is ~~:led. ar. 
exothermic roC1icn b:r.im. and cochng w.:cr i.< turned onto the rea.:tor coils. 
After all I he \ctr.ch\orolxn>cn: has lxcn added. the batch i~ "aied": durin;: the 

: a~:ing period. sO<liur:l·2.4.S-trirhlorophenJte C:\"a:2.~.~ TCP) idormed. \'ol;nil: 
· comp<lunoJs s'Jch H dirr:~thy\ ether ~ho arc !"ur<n~d during the a~in;: step: the·s~ "" 

wnlc<l. (rom the rcA >tor, along with 'mall amnun:.< · nf nporired methanol. 
Acco:oinp_ I<• \'e!l~c. lr.c .. dimethyl ether is Jbsorb<d by a water scrub~r, in" hich 
it is hi~:hl)' so:"blc. The rro<r''' .of I hoc ll.nu.1ab!c npon p1C.<cnt~ a fi:c or 
np!o,ion hanrJ.and the reaction \"C\Icl i! u~ually<ncloscd in bla~rprO<l[ w~ll~ \o 
rr.inimirc p~)·siol dam" ~c frorn any accident thlt may uc(ur durin.g ihc a!'inJ: s:cp. 
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On <•llnplctinn of the rc.ction. t~c mcth~rol ic n·aporated. conden>-<d. and 
reqclcd. At :he sJme ti:ne. "·:11:r is •Jded to leep the h"ch contenll in >O!utnln. 

}!1 thiS f1l'<..\S1, A !oJucnc \4~~~int: )fcp is CI)II~UCICJ (~purify the prt~t,;"""l h.'r' 
rcmo,·Jq: )orne of the high·htJilu~l! imruri!;:~. ·rolU<:::'\c l·ondcnscd fror.1 the 
n,·cr~.oJ of an ~u,iliar\· \ttl! is n<lnl ttllollhc cookJ u.a:<r 10lutic•n ol :-;,.2A.5· 
TCJ'. Th: n\1\lure i>thcn a!lov.cJ to !l>ttd quictlv lO thlt the V.ltcr anJ e>r>Jni~ 
phz~n c.1n srp:Jr:.ttc into l~ycD. The or~Jnic l~y- ... l·ontaininb ampurst;~s .. u 
de>.·•ntccl 3n.J ICturnrJ 10 the l<lk:.1c !till Ol r,-,~- n.c lk•tcr IJycr C(Jnl>ttting 
f'Jrli>:ty punf•cd t\a-2.4.~-TCP. Cln k U>cd J,r<cti) tu n.anuCa~Llfc 3 h:rhictdc 
GcrJ\:lli,-c. A~tcrn.~.livch·. h.,Jrochlori( ~0d ~~n he i\ddcJ fo n~ctr;,diJc the ~1\.turc. 
Acijll· 7.~.5-TCP rrect.pttate' ;.nJ i> !CJ•>r'atcJ /•om t~r liqu;J b~ ccnuilu£Jii,,n. 

,\I any of the omruritio rrc:"cd durin~ thi1 pro::<~'- indudinz. 2.3.7,8- TCO!J. 
M(cmubtc in il-oc boil•'"' of the lc>lucoc >till. Still :,ll'IOr.ll arc r:mo,·c(. 
l"ri~i.:a:ly lo tK di,carJcJ. T oluenc ,,;a W\ICirn< h.lvc lx<n Hfcnti!",cd a; th.: 
J:"tJr(c of at k"'s' one ctrusur~ of t!":c pu,..i.c tn t:ltlX.ir:~. J nt! also t.\ the source c( one 
of the hi;:hcst ronccntrJiil'r.< 0r 2.J,7.X-l ("J)l) (41) f'pmi ncr dilC(J'Crcd tn !:.t:-h 
v.·.sto (\1.

1?t<in< I9H. 19SO; l<i.:h~rC:> 1979a). (Ana1~\is uf this wa<t~ ~.r.1pk i1 1ully 
dc~-crihCt~ i:t :~-:ction 4 of·thi~ report.) 

A I !ho .. ·n in h~urc J I. l he a.-idic :.4.5-1 cr il d ricd •nd either pad:a!(eG lnr s.l!c 
or uscJ t<J manui:.rlure other ccrintiH r•oJuCij_ One rclcr:-ncc 'h01l1 tlnC Of 

cPore "'P-"' of purifir.Jtton of the prn~uct >ftct :c j, centrifuged Crono the "••cr 
solctivn ( Wo:lli Hc-1!~k Gq;>ntt:llt<tn I~P). One 't•;:c of'liJ;It·\·a.:uum dil-\1l:.J11on 
is conducted''' crate -..hat 11 dcscriud as -:l~rirultur~l !="'~' ~.4.~ TCI'." 1\ 
!CC{lnd sL::.;:c t.'f d i...:r lib til.,n rcmtJ·.c~ J JJ itil•n.Jf Jn1Pt'~itic~ h1 f OJ m ''ph~.rm .. Ct"UiJCal 

F""' 7.4.~-TC"r.- It i< lxk,·cJ that al! l~.~ h:\••h:,,ro,rhcnc i' tn.!J: ''"r" A 

di'}~JI;c\i ):rdtlt ol ~tW!. chcr.'l~~;;a\. 
l'te>ce~< ti<IJih c0nccrr.inf, the only r,·mainin~ ~-~.5-TCP plant in th: Cnttcd 

St>ICI ha1c not hccn rclc>.-.::o.!. It w•~ r:-poncd in 1967 that this pb~: (Dov. 
Ch!micJI Cn..,r•ny. ~l•dland. ).f"·hi!'-'-r.) Wl! :Jsing 11:.- "·•tc;-hJ><J procn• 
J<:>critx-d in i;, 195S r•tcnt tScvncc \lJ)9; IJ.S. r~:c!\1 Office IY~7h). but this 
prob•bl)t< not the CJ<e tO<!>;- ,\n,>tt-cr rcp•;f! >t~to that the pt<'<'c>< •~ ~nducHJ 

,.,:h '"). r~rrfd lcmp<r.tur: c:or.lroltn prCicnttk fNrn~tion nl dio1ins (St!tig 
19/~f. This >OU[(e al<o tndi.->~n th>t wll holl•lms ftorr. the nt>nuflrturc of2.4.5- T 
ol 1hi1 plan\ lf< txinf di\CArdcJ hy incinna\lnn; •hcrdor:. ~ dl\tillltion ;, 
provmabl:· Pr•n~ f'<'liotmcd.lt i< nolln•l'"' i~.cthcr thne Jllll b<>ltom• arc from a 
IOIU<nc "·»htng lldl or from: pr<>duc\ uill. 

hiJ.Jvrfrt"'l-

[)o,. Chemic· I Cont("<ny il :pr-ucntlrt~ onl! c~rrcnt prt>d!JO::CI or both 2.(5-
TCP >nd ~>-2.4.5- rCP. Merck •n<l t"omp>ny !tu rc~ntly t>qun pr,><Jup~~ ~l· 
~-~-~-TCP (S<anforJ Rr1c.rch lr.,ltlu\~ IYN). Cuirenl record·. rcl~tcd to the lP"
Fcdcnl !n•ccto:id.:, l·cnpciJe and RoJcr.t;(lJc Act tf-IFRAI lnd•.:•tc th-31 ~2 

contp_Jnio. ,nckJing llo"'. arc matlcting 9-l IC~IItcrcd <"Pmmcrr:>l prndu.:1> 
ront>~nir.1 2.~-~-Tr:r or t:• >oil< ( !l S. Fnnt(lnmcnllll'rolel'tion AFn<'). 19:el). 

Accn<C•n~ to F.PA >Our.:x:,. n.·)lt. o! '"'' >ll. o( the>( '''mr·•nics nbt>in th< tn1ic 
chrr.1ioi fr,)r;l Dow I RrC<'t: 197Xc). 

Folntrr 1.4.5· l Cl' 11\JoufHiurin;-. sites lrc l11tcd on lahlr 14 by ln<:a!ion tnd 
•"•nrr. Oct"!' of .the p!C><:rioo u"d by the.,- iL'rr.lcr produccr>·~rc :.otlno,.r; 
h:o.,.ncr. -,~ill bot lorn,- ~'=rC.\JliJ to tx the 1nurcc \h.ll crr~1cd i: ,JlOJ..m Cl.;-"0-\urc 

AI Veron~. \iiL\t)Uri (lrr S<:('lltHI 5t. fhc rncthan~..'l·h•o:.cJ rroo:n ""ilh;. t0[ 1J{_ro<: 

.. -.~htr.,( li•F! "" u"·J by \ctiH. Inc. {W>titnl lntJJ 
Cun:nt u.S plodUCIIOn Cip.uro for ~.4.~-Tcr llt<.l .,, • • .:oil> ere not •'·'"•hk 

(l'.S. En,ironn•cr.tll l'rPicc"lo•Jn ,\~oncy iQlXtl. In 1910. 1~.< c,rtrn>te<! Inc! ol 
UO:TIC\(1( rrn-Juct•un for ~-~.s--1 (I' •nd It> <lcr•:ta\1\(1 "'.' ~0 nttllton p<>UnGI 

(Cro 1 ~y. M0d>ncn. >nJ W''"i: i'l7.1). In 197~. th' rcportrJ annuJI -..oriJ 
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_.....,.. .. _._... __________ ··~ 

'TAGLE 14. FORf..IER 2.4.5·TCr MANUF.f.CTURING SITES' 

Pl•nt lootk>ll own .. , ----·----------------------------------
tlo>~ort h!ls. tiY lloo\or Cl-crrucAI• •M Plutoco 

I•PPH>11ffiOtolv .0:5 r~ar.;•· 

. Vorc:>n•. MO 

Monmwth Jun<toon. l'iJ 

lond~n. NJ 

Cle..,t~r>d. OH 

R~><H·HIII Corp (t!l~0-6\j' 
Herculu.lnc 1196:-71}' · 
T••n•vul.ln~ 11971-70)' 

l'io•th Eute~n Phat•MC>Outic"l> ond 
(h<!moeol{ Co 

GM Corp. 

Nolco Chemocil Cu. 

001mond Shomrcxl Corp 

a ·-Un!...tri-1 ot7'\t-f.,...,w noce.j_ tn. ...-.rOt'rnAUo:"' If\,,.,,.. I .:;.I~~· d-ri"V--"".f f,cvn Sltrrl.cvd Rt-.at(h 
~•lvh OH..ct?<·,. ol (ra·m-c•l PrOOu~rl. !'''"'..-< Stalo-t I~ 16· ]'.:J f.f"rf US lnt~nllt('\"-'lltco.t 
(..()oi'T'ImoH•CI-"l S.,-:r"'-f:>(' O';l'l'>toC ("cm1c•h. US F"1-odv-Ch.(\./'\ •Nl Slrr., l~a. l~?.c. 19JIS~7.3 

b-·Ch.crn.t"'l W.-« 197Sa 
c- fl.,(lurr'h 1979J 

prC>Jv<tovn of •II chiN")hcnoh an.J the-ir ul!J v.;u ntirn>tcd to he 100.000 I on,, or 
200 million po~nds ('.'iiHnn ct AI. 1974). · 

Chloroph(":to! Orohe:in·s ... rrh Coufirmtd Dioxin Cont~nl 

l'r.= "'iJe utllil>tion or chft,r,,phcnoh in chcm.ic~l sy11th~,;, m~ lo it \irtuolly 
imp0<\lhlc ((1 il1cr,lif)' a lithe rotcnti•l d:n\:>(t\n uf tht< d~n or cumrnund\. lh< 
fnt:c ... in; paratr>rh\ outline the nianuf.C1ure of UMI\:ativc-' that, urM 81:&1~ ... i~ •. 
hH-c ~en rcpnrleolto ~onl••n ctolllfrrur::! :l11nim. lh: rrc•,iue~t Rrc al' po.t;c,dc-s . 
.,.hieh wrc u\uoll) mzJe •• only r~rti•llr pu11f1ed chcmicAh and arc i~tenJcJ to lx 
di>tribetcJ rAther brN<ll:· into th~ cn•ir•>nmenl. 

.'.J.(J. ,'J·flfl. :? . .f./JI'. enol .'.J.()Ef'-
Thc cnmp•'und ~."-<Jochkoroph(nn\) .. C<IK .,,.,d _O.~Dl it_ a widclr U\.<:d h-:rh•

ri.Jc •nd 1 rl?<e chem"·"l rdotnc r•!.2.J.5·triddnropl><n<~~)·an'11<' .H~d (~.-1.~ Tl 
d"rr:t><J IJter on l!'m "'~'"'"· .~ ~0-50 ml\iurc uf lh<"< '"'" ,·hemoc•h. knn .. ·n a> 
"llcrh•nd: Or >n,zc· (culi.:r alkd • A):cnt Oranj:C:-1." > 1 ul.<"d AI • de{ oha nt dunna 
the \'i<rnu;-1 con!lrC1. 1 h< chcmr"l f':'r!'rHt:l ol ~.~fl ;, •hown t-<lu...-. 
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l he hrr~>1c1Jc ~.4-llfl ;, 4-1~.4-<hrnl<'"'l'hcn<H)') hutuic •rid; !.~·1>1' ;, ~-12.-1-
u,rhi<Hup~cn•>") pr<1p1<1n:.: UCld, ""J ~.4-J>i'J' j, 1m I~. (~.-1-<lochl-:>rvphrno.\)) 

eth~IJ ph<•<philc; 1.11 3re d'"'l' rciJtrd rh•:mll·:.lly In ~.-1-ll 
In I \J I~ \\'\l,lh('n .. , h~Hn.t,,l. nJ l· n"oot I llUnl, he ll~o:hlt~r,)JJI.)~l n in t'nC ~l.mpk nf 

~ . .S-f) 01: a lnd b\"l~cen II 5 ;,~oU IO rrr.1 ~.o ,llhcr t..lll).\l:·. ""ere oh~rpcJ. f"wcnty· 

!~rcc •llh.:r ~.-1.[) l"mrlo. ~~ "'";,,three ~.-1-IJil Jnd !"•' ~-~·lli'J',~mp:o. ucrc 
.,n.d}"tC'd. hu1 nl) dlt'l;:ln' v.nr 1\HIIIC nl"' tJ 5 ppr:1 t.m11 of dclc~litHl. Apr.ucnlly. 
l1nl~ trlrJ·. t":rtJ-. hcrt.~:-. ~r.d oCI::tlhll)lndnl.\lfl' urrC' ~ou~hl in lhcH· an~I)\CS. 
'ill: "'"'l':r, opp.Hrnll~·"<re n111 •nJiy~eJ I<H Jirhl~~roJ•o"n'. "'lu.:h •hLiulcl he 
mnrc lrlcfy tu OC\'l.l! ( oC"C }·:.:::nrc- J'-'. :l ( • .f). 

,\cc•Hdin;: I•• !l,e Wnrl'! lle.llth Orpni!>liun ( 1~77). ~-~-() i' "iJch tntd "ft 
hcrh"·iJc lor brn~Jical -.c.·d rolnlr0lu!aral crop.< 1-.he>l, curll,fl~ln wrghum. 
rice. 1Hhcr \m:ill ,.::~rrhj. \UPH C.1nc. J.nJ tilru\ fru1l\ (!ri11Ull~). and tln :ur! . 
p.H!IIIO, .nJ r~<>ncrop br.J. honJ-rci.HeU U1C\ OCC!lUnllor \X j'lC"'COI of ~112.~-fl 
UICJ in the (!r.JICJ SIJIC1 1'1 197,\. 

l\.l,·o ·:n:tnufa~·ti.HIIl~ prtX'C)\CS htt \ c ~<n Jc.,cnb<J ftH ~.-1-f >. ,')niY unc o: which 
li>rt.\ wi:h • chlvrin•trd rhrnoi. One rrrx·o, " 3 UHet'l ,·hlurinution nf 
rheno.\)'a\Cci!C ,,.,J (I!.S I'• rent Off•:c 19N). 1 he <>I her p11-.:c's j, • rc;~,·ti•>n 

b<i"een :>.~-cJ .. ·hi,Hopknollr.J ,;,l,•l<l>CctiC .cid (l!.S.I'~tcr.r Olli~c 1\l~!\Jo), The 
\CC,li<d pr<H'CI\ i1 Jlnli!Jr !G !hr ~.~.5-'J 11\Jn"f"<'ll'llll): pr<lrc" d<'>COI><:d Ill lhc 
(,,u,, ..... ;,,): ,,,,'(>() •nJ ;, aho limilor ,,, tr.c plllL-.:>• Ul'<llo r.ulc ~.4-DH ru.s. 
l'>lrnt ij{fJCe l~(o,l). 

Stncc..· m~n~ c..'Or.1J1:SI110:~ rr"...JlC' 2.~1> :and I[~ c~t(f) .:~nd \.lll!t-. both rrodurtien 
r•ncc .. ~.c:\ fnJY hc.:~t U\C. .l~ti~C"lll!!h It I\ ri.IIm("J th;,f chiOIIill:tc..1n uf pt1:-no.\yiiCCiiC 

:lC1d p""nduc~ ;, l·trhcr y•:ciJ :~nd is J '11:1rk; prnrc'\ In a t:.,tch rr~ .. ;rnr . 
p~rn .. l.\).l".'c:,~· .JC!J f\ :ndtt.:J by hc4t•r.1= H li.l llXJ" C. \\·lin «.':'JntlnU\l~.h ::t~rtl~:tl\ .. 
chlorine i, 1>11!-~lcu lhrc>cj:h I he 111 .. 11nt chcm>.:>l JnJ the tcr.ipcrJ!llrc '' oncr~~><:d 
,1~1~iy !o i~u-=c. ·A \Ire~ III ef :..!1) ;11r i) r;i)\CJ thruu]!h 1hc rcuctc•r en '\~ccp61..,..4\.f 

the hyt!rPr,cn ddort1c l>)j'H<hlUcl. \\'hcu the cakul;ote<.J allloU<ll ,,f <'hh•11nc 1\;i, 

b:-cn ~lh1t\J.tht r·:~u~1ini~ ml\\ l~ ((..\1\l::J. p\\Ltti/C\L il.nd pAI.'~·,;.:cd .. ~l' \!'"lhcnt '' 

:;,rJ. r.n 'fK'•ll rccn\o)· operation u ~:-:Ocd. llnd pro.J..,.("l puflfh . .'dtlnr. n. 

unnc-C~:1)..."r). If c.:hrnrn) J(C crc.:stct.l durtn5 lht\ rrc'"\"t"H. tt1< mcch..zsni\r:l uf ~~tir 
f?fm:t.liul: 1~ un\..n(l..,..n. 

The Hn>nJ P""'" inv0hn re~ction of ~.~uichlr>rnphcnol u ith chloru>ecli<· 
bCict in 1 ~~1h·cn1 mt>.\ urc ol V.J:!'cr ~ n~ )odium hydnn ide. 'J hrs pro~..'t"~~ i1 ~ id ~t~ h< 
U>-<d b)' \I led II one lnt< m>nul,(!urcr l\;111g J~7~). lir.l i> •pplocJ IO the \'C\'<!1, 

~ nJ the "-alcr I< e1·1p<H >!eQ f r11m I he nH.II urc \\'hen I he temper •I urc l>.:$;10' to ri'C, 

in.d·c~lln,2 :holt n•o,: or _I he ""llCr hd.) C\.apurat.cU. hc.atln~ i), ... ruppo:c..f 1\nJ. frC"oh 

ch.,re n( cnlC •CIJdid \«-:llcr 1.1 odJrJ I h<: pr<>\Ju~! can t>< l<ltercJ from !ltc 
mi,ture ~nd dr~eJ: !lot> pr<h."Cuurc woul<.! l(l{m ah Impure rrnduct. 

Allcrn.Jli"\"ciY. the rroJu("l C;~n he C\lr.ac..icd 1r\'lffi ~h': ruolcd mnturc \lr'ath ~ 

"''>ICI·IntOII\Cihlc \O!ICnl anJ lnen lepH•:ed Jrnm Inc \!tll'clll b~ tJJiilli.H•<'Il. 1 hi1 
l_.ll!r:r rcc.ncrr nc1hoJ .... ouhi pr(lh.~:hl~ create ~nh~tlrou~ or81nrc "J,IC'\ ~tnJ 

therefore n pr<'~JOI) 10 u<r h1· •: lc"'l on<: nnnp,n)' thai h~, l><:c~ reported to 
inCI~cratc ,.,,!r IH> lrom ~-~-1> m>ll:·l>elurc (Silli): 1'17-IJ. 

l h11 chlornphenof·h.> ~J Pi"L"<H i11r mal1ny :.-1. ()could cre~lc d1o<~n1 ~au~.C 
il prrn·ido. (or :ln JJr.:.drn(" fT'li\IUrC '?f I di.0\10 rrc(Uf\.(l; Chcmlt:.id in COOIHCI \l.llh 

hoi h<olon~ lt:rfoco. If the pr<~du<:l j, only (iltcrcJ frolm Inc reaction 1111\;urc, lh~ 
dio<Jn contamin•nll .... ould 0.:: ortured olong "·itn ''"' proJuc!. If "'hcnl 
otr•ction i\ cmp'o:·cd. pHI of rhc dtn~m ""uld p0oJOI) appear ;n ""t<> from 
lhc proCc-o> 1nd ~HI \Ooou:d rr11h<Jhl\ l>c ('>plurcJ \4ilh lhe pcod~c!. 

lhc r:.><:e•l f,or r.nn~(J:Iurc.of ~.4-IJfl ~~~ ~.4-dJChi.Hopncnol •r.J pmtna 
hut~ruil.:-lvnc in ,a ~ohc11t mi\lurc ,1( drr hutjnl,f and non.1nc. \torft: \Odium 
h~·t.!rn.uJc ;H ~ rclC"1'or. a1J. ! he chcnnr~l rc.tci10ru uc shc"'·n on lhc: lullt>\l.·ir.g 

p•;:c. 
1 h< ingreclicn11 ~re mi.\ed •cd hotrtl ·a a t,mperalure (li about 11>5' C !or 1 
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~"-Yo"" 
CJ~I 

0 u 
Cl 

pcriiTJ 1h-1t mJy un.gc from I to 2~ ~h'lun:. On rurr:r:r,;on nl the n::h·li.:tn. delu1c 

\UIIuri< .CHI" 1ddtJ •nd ~.J.I)jl J>rc<rprtliC1, the p:n::rn•tc "ccntrrf·;~cd !rem 
tt-.c tnl \turn. dti(l!, ~OJ r~(lJ~(J.I.t4Uilh lfPt!t lhC rcntrafU~C' r.n: ... tdi\1\.I.TJ tll 'lo!And 

!juicl') ond •~PJHIC lflh' '"" hyuHJ bycn. The "•rcrfr>Cirnn hdr.c•rJcd.M>d the 
or~or.r.: wr=r j, ft(y\"lctl 1\1 ''" ,u:.,,-J~Cnl rc:<.<:llll~ t>Jt.:h. An)· \ollcr th>l 1\ 

h:nt:f.r.! m111 lhc rc;:sctor t\ "mn\ocJ hy dh\dl.tl' 1JO tx-Cut<" lhc next rc.1.Cttnn u 

IIArtcd. 

11 IS pn<s; h 'c thA 1 J i rHJn> rnu:J h pr(ld uccJ hy ih~< pr<X"''" l-oy I h c rn i.\ 1 urr •>I) .ol
dtch!L'Iur:hcnPl \ol.llh sodium ~~t.l/PlHic ~rln}l hrou~ht 1n1o C:lntl~o."'t "';th 11. h1lt 

~url>cr (><"C hj:e<r IK. p. l·~l. f't<-.JIIc1 rrcorcry mrrh,'<h ~rc ~uch t!>.11 ~nr dunw' 
( ormccl ",:uiJ Cilhrr h< JCI""' cJ 4.1 wii'J~ ~IJnj: "lih tk pr<Xl uCI or h.: rrcyckd lu 
th~ \t.!C•·n~dtr:g b.1t..:h. . 

(."(lmmc:co•l pro>Ju.:tion pf 2.~-D on thr linrtrJ ~turn 'llii«.J in 19--W ~nd h: th< 

r.~iJ-1<1"-1"< hJJ rolrJ •: .l!> moll<on l!= cW,o:JJ 1/cJ:ch Oq:Jnt~.:lrwr. Jq77J. ,\Ira 
t~c c,~· \t~ ~~cr~:nJ~ 0:~~~::: \ll"l~t''.ll:;tl\11\lt,r:'"'·!'tt.ln'r".Crr·pp-nl. P:~ .... ctlt""'n!n 
1?74 "r•llf<:,:ccl I•> hnc l>ccr. ~7 m<JIH;1 I~ ( Wnrlt! l!c~:rh Orj:ar.tJ.ltoun 19::1. 
f'rnJ•;ct""' liyurc' lor ~-~·l>fl•nd :>.J.f)fl' ~rr tHH 0\J::.hk 

1!-:( (\1\HO{ t:Hi(' pcoJUCCf"\ of~.~.[) :J.nd ~.4.{)[1 il,.:"Hh. C!\tCr"i. J.nJ :.:1.\t\ J.\ 

rcr<•l:r·d 1>.1 S•oHicorJ 1\r~.C>rch lu•totutc rn J'I7X •rc l:•tc<lon Tahk 15. hHmcr 

pr.>,bc·r" _cr pWCUCiron \IIC\ ~rc fr,trd In l•hfc ~~- ~n nHrcnt pn>Juc·cn ol J.~· 
lllP ore h:tcd •~ the St>nl,,rd l(c,_ord• lrHl:tutc p'-!b!lcatr·Jn I>( 1'1~. 

_'<;rl•'r,·-

Thc :hrmi:AI Mmc ("'the fX<li.:iJc •ClM\e ;, 2·!2.~-<lich;orophrno>y) clh)·l 
wdr"m '""·~~- 1 he only umrk lnuwn :o h.-~ ~n ;."n>lytC-d for dro~inl 
CMIJi~ed 0.5 l\l IU rrm IK~J<.:hloli-.Jioltln !flcllrn~Cill. 197.11. Sn lclrl·. h(pl•·. 
or I><IHhl<>rv<loo\H\> "''" dcicOcJ (0.) rr•n dcltC\1\)f\ ln·dJ. An.aly>is ~rrucntly 
"'-.W.) r.ct pctf,l~rn-c-J (or dt-. If!·. or pcntllcht..oro-Jin\lnL 

:i-n oro<" -n•dc lwrn J.t..<lrrhlorn;>i"Kn<>l h/ hnolrns: 11 lor \C~cr~l houf\ rna"'"'" 

•nlulll>f\ ,,( bn.,"'l,lut'>~hyi·~O<.hum <:Jll•lc rnd \:><.hum tlydrnltdc. l ~ ln!l<1-..1nb 
arc the ch<mrcaJ rca.:llon> Of th~ prO("CH: 
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e• I 

TADL.E Hi. CV8'lHIT CASIC PrlOlJUCEf\S \•F :!.d 0 ANO 2.4-DS 
I..CIOS. ESTERS. ANO SALTS" 

Com-pany 

2 ... (' ~r\lf ••t'"l:'' Dow Ct'oam1:11 Co~ny 

eoo •~115 

!m('<>n•l. lr><: Sh<>noi\CN~h. lA 

~Ofl~t J.m~•Cin Ph:lirta Corp. ,;:#n1-.lS C11y. K5 

Tt.omp.,._.,.;-t,rw••d ~'"'""'"Co. 
1u~r<J...,•1y 

PBI·Gc.r~n C.:rn 

Unl{in ()tDrek (Ofp. AfT'r{h't~. 

p, oduC1l. Inc. a ul>pa•r-') 

Vr.tt•c. II"\: .. Trtn•vul. Inc .. 
lub-f~UHy 

U"'"" urb<O. Corp. A"'cho"h 
Pr~ucU. lr.c. ~!,...,"(j,.lf)' 

Potli.ond OR 

S1. Jo~•h. MO 
Ct>•<>~ i1e'l)l>l1, ll 

Am~"''· P'A 
Frum()(lt CA 

Pclli•na. Oil 

---======-======================= 

lA mort rltla:l. I~ lll••t~l-;:h"n r\'act•nl. n nuJc by combonrn~ c1h1kr>< 
rhf<>rohy.!r~u •nd doloro.dkri;co<·od In~ rcfn;:cr•t<-J ..... lrr l<•lulor•n ((!:.; I'•!Cnl 
()!(icc ~~~lkl. A'lcr pcni•l mu;rJIII•Ioon "'ilh l<><i;um hy<!:u~odc. :~
dk:hiMurhcnolll JJJcd ond Iii< m"lurc" 1--.'ol«l k-r a!:-<>vl I~ O<>CJr>. A<Yr>r<'•nrlu 
I he p~lcnl cumpic.lh< m<\lurc I> prc>t-..~1) n•>i pufllocJ.IIII \lmpl~ 'r'<•)·Uroc~ IU 
form • un \1\; p1\XluCl II c••uld tx ('Uil!rcd ~) 1 Cf'<"Aicd n II Hl<(ll\\ ..,,, h l\\11 akr.hol 
lo ~pH<rc lhc H><.!oum •ull•lc •mpu(J!y. 

T!K man:Jbclurc of \.C>UO< mCCI\ •'l·.of Ill< IC<j\!rrcrncnl' l:.H rr(lrrt<'li.,n (l( I he 
forrruliun 0 f 2.1.[)(01> {lc.: l·ol!u<< i~. (1. (.~). llc>lh the 11.., r.~o>lrtral and 1h< 
lln.tf.producl C-Hita:n: ~ rhlnr•nc Jlom ortho 1(1 J flnJ-<OnrK"<Ic:U Ol.~J'C~afon\.Jnd 
th< fTII.\IU<c II h<olcJ rrr !he rrnrn\c "' •vJ•um hyJrl>>oJr Ahhou~h (\HUll 
I~Cioon IC Olf'«> 1\>IC 1\ only li<thti) I b<JH (['1:,)' (.',11 (uuld ~ ho~h<l ~II he tx•11n; 

\ur{ &CC\. 

lhc ""fume .. r ~•one pro-Ju\rJ •nnua ly" notln•'"'" Only non< cnmm~rcul 
pre>ducl> con111nrn0 lh< hrrb.codc •:c cur coil) IC&Ill"rd 1.> pn1rciJC'1 "llh EPA. 
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I ABlE 1 S. FOR~~A BASIC PRODUCE AS OF 2 . ..\-D AND 2.4-DB 
ACIDS. ESTERS . .-\.N'J SAUS' 

----·------
~ r'.f.ci.~• (c..rm~rty 

np-on~ r;oducw CoP.">p.>ny 

·---------

PrC>dV< tioo lccot~ ----·---------

/).l{f . .{-

k~tl~r Cr•orrHc.al. s.uh,..d'"'Y o/ 

Alc-o Sla<>QH<.'s 

PoniB''G. OR 

Whololo-<d. 1.'-D 

No<li·· l<:dntas C•ty. KS 
S I. hn.l t M <V><>4 DO'<>. ).. IN 

St. l<'<M. MO 

Or I• r.d<o. fl 

llo<th "-•~• Coty. MO 
St raut.'M~"""-1X"4 ~ 

Th< ch<nw:•l n.rtx [<H [HI PA. !\ O-i2.·hl•chlorophrnyll 0-m<th~l 

ll<lp<•'?Yi?ho•?hM>rr.o<lothlf\41< [~lcrrk lr.:le! !97~1. Sornc ol l~.c rcull,cl)" 
h•1~-<r rl.lc>l<>.kn•n• fhcH·, he pi>·, ond. or "'-'•~hl<'!•»<.!o<l\o'"l•l "-err dclcncd 11 

l•rm :n..-h 1n z1 lo\1 ozu ll!I.\/'A -.mp!c anl.lyw.J '" l~n (l!c\l•n~ cl al. 1973). 
T!>; r,,\la.....;ns i1 11>< IIIIKIUC"C f<•r [J.\l?A. 

tr
CI ft 

O-P-NHCH(CHJ~ 

~ 
Cl 

S)r.th"" cr n .. ·, "'"kcu!c irwcl'n ih.: rncth~nolpi< Cl! <H~-~-<lirhloco~IKn)ll 
phv-ri>•HnJ~<.·hi<•:o.lolh:o>l<. v.~nch ;, rru.dc lhc,iu~l\ I he ph~Aphor.IIIIOn of. 
d•chJ.,·rurJ:-cnol (ll.~. l'•l<nl (Jirocc I~; Hi~:r. ~•ncr. &I>J ~rruJ& 191'>)). 

(ll.tP-'." lno"'n t~rnrro:rc••lly H l.yHon. 1:.-J~OB. and ·no-.. !J~ 1 \lrrd: 
ln~o 197bl. It" u...-(d •• •n 1nY.t1•C1dc. Clj'<C">..~Ilr 6t••nH hou,cll~e, 1 fll~•r. 
~:net.:~~~ 1-: er»~ • I%)). It 11 1 ho u>dul a1 A hcrb.nt!c I urcC'nltollon,: the JtCh•l h 

n( undc->JCiblc riJnfl(l:.s Po rent OI(Ke i%.\; .\fete\ lndn 19?1: DM P:\ II""' 
b<l10r.J lu t.c pro<!w{\l If, \..r 0'f am1WM\. Currently lh:« n··Mf'IIHC\ - !lo"'. 

97 

) 

_) 



S.ho t\ '""il:tt>k cith.:r "'the ;,.-iJ ur ,·,ter, JnJ >;tit, 1>l the~,-;,;. ·1 hr J,,,.. 
\ol.ndil,. c- ... lcr) ;I~\,· pr~'h.1hly the h1rm Jllll;..l wadrly u.,cJ. 

·r ("{l!)", '-'l"fC J-.·!rl·I~.·J (L·1ppm) ir,,lnC ,,f \C\~n :ro.thC'.\ ~.:Jznph.·, OJJnui.H.'\tHcJ 

t->-..'lhr<n J<.J(-15 :1t:J IV7;., .:..wJ ~nal~tl·J in I'Yi:: n•1 tHhrr dw.\in:-. ~Cfl' drlc,,:!rd 
(\\'oni~Utl. I l':nnlJ~. ;JnJ I n:•or I'Ji2: hrJuh .. -~· t'l :..!. l'il,tt·). 

rhl' ft'!itl~tny .!r( 1!.:\'CIH {'rt'<.ftJI.,'(h t~f "d!\t'\ 01\ ft,l•:d iii lhc 197X S:.tnl(qJ 
H.c~c;H-.:h ,,,·.ttltll•.' (J,,~,·.,..l~:I) ,:( ,_.h(HIIl'~l l't•hlw .. ·cn: 

(),,.- Chon"·"! l'<>mfl"":· · .\ji,fi;.:>J. ~1tchipll 

\"orth t\rnai,:an !'hdiir·'· I honljhllil H.l)''arU Cht'illilJL ~:Jb.,id ~~:· · Kan....:1~ 
C•ty. t.:.Jn'.J~ 

Ki''"bk Chctni.::tl ·(hi,·:.tl.l lki~~·''· lllitwi; 

\\·rt'=!C. ln.: .. ·1 fJ.n\\;J:d. l111.: .• ~ub_.;hjiJry -J;ad,~ll:l\11k, Ar~an:-J\ 

Hcr,uk,. In( .. c>f Wilmin~lul\, lklo.;.·;,r~. j, ;, fMmcr p'UU\1\'\'f { t;.s. l Hif[ 

CenHHi;_,j,,, l~t>~.l. I ht 1~7~ fl'h rcstt(Hk fik.• i!lJtc.t\c tlt~r n><>:r lh;w Jl!\l 
rroJu,_·\S nr f<'fn"iU!at}Cqa (00\ainin}: \\ht\. Jr~ H~l>tcrcJ (l:.S. lH\~f\'\1\r."rC\llOl\ 

Prctin:tlnn .-\~~~·~~:: i'Pr:n. 
S1hc.\ r.unu~~.J\.·tur~.· .... mt,rc comph:.\ !h:.1n \h;ll olllthcr ~.-1.~-TCP Uci\A:_li\\.'). 

Thl.'" l'OnlJhll,:IIJ:- ,u:d l·nr::"'WJCI;..t:\y :trc c~u;.Uy c-omp~ ..... , c·.t.:r~. m:Hh· fr,,;n ::t 

sp-cri~.di;cJ J;l .. \h,Ji ~nd \Jhc:\ a\.'tJ. n·.r. f1nat tHJnuL:.:-turC' nl lhc t·,t::r j, \lodl 

L l)\"J: men t rt! I fJ,) r J t":~, .. rJlc' r.t f \ •. S. P;n c nt ~)~IF:\· 19 ~!IJ ~- .1·, ·~ 1 h .. : nl.l n uf.l-..·; tlh' \II 

the ~rr~·,:,!l!cJ al.:t·~~'L ~~' UcftllJtnc 'nl .. ·Hrr.ati,,n h;a' h .. ·\n lounJ. hl~\\l'\l'r, nn 
r:l:.tiHJIJfllifl ol lhr ~ih~·.\ t:tciti. prtlhJ.bi) hl·CJU\(' Ctll:lptlur,e~ t)f thi, 1.\Jll.'l'JI\ t'lr 

n:.1nui;H·tu:cJ hy a 1o:1~-c:,tJ"tll•).)t\·J ...-hrll!h.\d fC:~Il'll1'n th:.tl i·. L':-1.'J in ll;ar;y 

C:Jiq:\'rlt':-o ,,[ th~ nq.::1:1i\· rhrl!nr;.l•nJtHtry U . .'\nt. Cocm So~.·. Jl.)!;GI. !'•h·c\ :tLIJ 

-.:.tliJIJ tH: :~c ·'"l!r ... ·c nr .Jn! dn•.,in~ Ill \.··.intmcrriJI ,·,he'\ l·iiJdurh hl"l' :-il!uir IJ, 

p. ~0 J. The fi!!urc '"'the loi!u'-' :n!( p;.~c iJ:u.<lt ""' ll•e tnn,llihly chcmi<:iJI rcJc·rion 
t~llt woui<.J f~,rm I~<" !.:rn-\ A.:id a;.t.l a·ho ~hO"-\ the )U(l~(·t.Jucnt c~tcrif•catllHt_ :u 
d~'CtiixJ in the p:Hcnr. 

h the fir>t !It['. 2.J.~-lt'f' j, prot>;Jh:.r hr<'U)!!>I int<' rr"'·li<•n >cith lh~ n.rihyl 
c··;tc; ~-~ :!...,.·J•hHP;'H•r•~1 ni~.· ;.~~id. \oloilh m~,·thJth)f as the :H•h·l."nt :~nU ~i.''-hurn 

mctho.\idc J\ a :cJC.:II,,n .Jid. lhi~ r~,.·;H:tillO '"'''ult! o~.-'-'!H ;sppht\lnJJfcly al lh:..· 
b-v;lint: ll'lnfX'IJ!Ur~,.· ul r:l(lh.lntd. \4:-.tdl ~~ C•5 ... C. The tl"' .. :dltnf.'-'''mp,lllnJ \.1-o,,id 
rroh;~h:y l---:: _,CpJrarcJ l!llllllhc fC4H."II(l0 nli~I~Cl' hy trctilmcnt \-'il:-t anJifi-:J \~a,:cr 
(ullc>>ce<! ~~- ntr.>Ct~e>n "tth • chl<>~::u::J h~drucarhun. 

1 hl" ::~J.Jtt•Oil .. ,: nhHC ;.rl'JJdil·J \.l.;ttt"r 1\) 1hc l'\liJl'l:Hlt :..nJ :! ~:·h~~u~nt 

n:Jrnr;JrJon ;al J rcn•r-<rJiu;-.._· rH.';tr J(Jo.t- C l4nt!IJ h~tl:tl!\1\,' lhc lllfl'rn~n.h.:tc 

.·:nm;>•'~nJ ""J "''" ""'"J d:l\c ,,1! :h•· .-hlt>rtt>Jtcd ll\dnx:Hhnn '''~ rc,·~clc J~J 
the llh."l h:t Old b~ rr nJ lh.-1 ttl br ll~..-b i Oh.·:l I ( ., olll<"r U\.0. ! he fC\Idl in~ l"vlllrt~U nU j, 

~-i~ . ..t.5·tlt ... ·hhHllj"lhl'r.tl\~) prn~ttHIIl- J~1J. "'h.d1 i, l.nV"-11 "' Pc 1 r .. ·.l\.'IJr:lln :he 

wb>C'illl'OI rr•>cn•i~~·: 1.' S. l'>lellt O(ftce f'75o~). . 
(l:hcr tnc·tho<h c•.··"IJ t>c u•rJ tu prepare I hi· ti>ICr<HcJi;dc a:1J. hut 01>ne ufthct" 

\olt\~dd uld~t<" ht~h t::n-~rcrJturc-, ll£ uou,u .. "l: \tlhl."'nh. 1 h~ u'c: 1.1l :z ~tr;.'n~r.-.ali..:l!inc 
h)JC\1{y~:~ \,ICfl. tl~h\"( t~1lll JO :,H:iJiC ~d~o'Jiunl_, j\ rn~).thk.fn l.l\~ t'~':(~,._,·J. thc,fa._t 
Sl< r i:- ,, ob..l ~: _.. OH\<,.1\ hcc , .. Jh cnt ( \t c .. n:t H)n tlst11~ I. ~-J n:-hhH\l .... _l h~ nr.. l c- r r(rJ.r~ t h-: 
tni\turc fl,r lht. li\'\~ '~jlCfJ!i,\n. 

Sd\0:\ ;a,_·,J \.".\!\he (Hr'l\":ft<::t! hi \JIIt\~1\. t .. h:r' n: \1'\n~ 'dn·ll.·J c\h~r ;s(..:,ltl.l{ .... 

"lhL" '-~~tcrtll(<JtlolO \lC.fl"\ ;JfC lJCI\\1\'~\\ C\CCpt :l)f \Ot:q[hlll\ in \hr :Jkilhd\ rJ\it. 

P1Jtc:i;d. \n ;1 "\ 1!--.Cnl t)l I.~·J,(h\tlf\.)·:th:~nc. \.qth ... \,HI..'cniiJtt:ti :..ul··\., ..- :, .. ·,,f ;:..., J 

react inn Aid. the intcrmeJutc ac;J ;, miHJ -..,:;, '>n ct~.:: ~k1>hol. In I he full\>"tng 
eH>r.pl:, t>u:.:nyrropn.\)f'"'r•nc·l i.' u>cd. I he ,...,,\tur< j, hdd ~~ ;,b,,ut ~~ec 
f~·r .1h~ui 7 h(lUr ... l>urt1l~ th,, p-~.:ri,,,1_ 'h(." ·: . ..:::. lnrmr:d 1n ti•.: r.:J~,·rit'-.1, r\'llh''t'J 

h: PJ'"nr tht.: r~·t1u, .. .-~'0Jc"''Jtc tt-trc·-J~l14 J~·~.·:..~r:tl·r _ .-\t rhl.' rnJ l,,-._;,1.." ·: .. ·.h·tuln. the 
rrv.Jl'l.."l n rrc,\·l:f ~\ ~1111nv;lu~!r rr\.·~,·iriDir. ''!lh.'h ;' ldtor.J lftllllhl" 011\lt:r\·. 

\.l.J,~K.J "'-ilh ,I,Jrt.lnl (J~h;Hl.tll" \Piut~on. ~nJ \:,·cuum..JrirJ Jt db\ll;t lJU" C. 
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OH 

~'YCI 
Cl~ 

Cl 

OC4H9 
I 

CCOCH]CHz(:H 
I I 

CH3-CH OC3H7 
I 

0 

*
CI 

. 

Cl 

Ci 

03. 
Na0CH,1 

COOCH3 
I 

CHrCH 
I 
0 

CI*CI 
Cl 

J '""""' "" 

COOH 
I 

C:-h-CH , I 

0 

~CI 
c,y· 

Ct . 

:\lth"ul'h compk!C <lara ~r( unov~il::hk. r.o info;mation indir~tn th~l 

l<<r.pcraturo ~realer than tOO> C >;.-ould o~cur ~~ ~r.:: ~rep 1r. 1!,c manulac\Urc of 
3ridic ~d1o or its c~rcrs. IIi< therefore unlikely !hal din.\ ill coml'ounds would b~ 
c:rt"dlcd ~s )ide rc~ccinn proJucls. 

.-\ b;(ncc or C:Cia ikrl inf NmJiion ma kcs ir impos,ihlc In c;;r;; bli'~ whet her dioxin 
conlam:narion wourd carr/through frnm the 2.~.~-TCI' raw m"rcr:al<nto the final 
produ-:c Thcorctiol considerations do noi :x-rmit an cstim~riun tl( the dq:rcc oi 
purific"rion rc4uircu hy rhc various intermediate c•Jmpounds. Probably. :n no~cd 
abo,·c. atl:a.'t h\o soh·cnt cxtr.a.~tion opera cion:-. arc U:--l·:.J to licpar·onc th(.· principal 
procc»ir.~ materials frvm water solution.<. Since TCDL)'s Jr< nrr s!:ghtly >olublc 
in chlorin~tcd orpnic solvcntl. some could be carried throu~IJ tf.:~c·nperations. 
hut mo>t should be rcjcctetl. 

l::rbon-\'crr little information is avJilablc nn criJon. which is dcrii'Ctl from 2.4.5-
trichJ,>ropl:r.nol. An" lysis of ,inc rrbon S3niplc produced in 1970 indicated mor( 
than I() pp:n nct>chlr>rcdiox in ( Wool;on. Thomas. a nj Ensor 1'172). Tcr ra -. pcnta
hcxa-. anu hcptacldorouio~ins were not dctccrcd (0.5 ppm lirr.it of detection). 

Jr, 19n. nine companies had rcgisrcrcJ 17.produr.ts containing crhon (l/.S. 
[nviruomcntJI l'rotcct ior. Ay.cncy 197X). Dow is p rob3 bly I he only proJ~ca of the 
basic chcmiol .. , h<· other comp~nics "rc mvsr lrkcly f•Jrmul;llors who obtain their 
b»ic croon in~redicnl from!),,,.._ The ,·ole me o( crh<>n p>ouuccd.annually i~ nvl 
krowo. 

This hcrhil"i<.lc is an ester based on 2.4.5-lTI'. Although the .initial 
m:•nufacru:in£ step is nol reported. rhc first inlcrmcJiatc is almost iJcnri,:al ro I hal 
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mcd tn mah >C.,in. Genna\ l'r~Jnic rhcmica\ rdcr:ncc' rn<lir:<!c that it j·, pr,,hahlr 
mJJc ~,- '"' initi:d rcacti<ln oi" ~.~.5-TCI' l<ith cth1 f.: or rhlcH•>:,, drin ( ~brch I 'to~). 
\~':~~~.·c i·-. th~ nllht ll~dy ~ohl"td. :n~tlr )!rnnt:l_r·;,h.,aJinc with.)(IJium hydrtn.itlc. 

Jlhl lhr intUn>CJIJI: pr<>lo:~hJ) pr,·,·ipitJIL'\ lln JUdlllllO <JI Jc'IU anJ 1> (J!tcrcJ ftom 
thL" ~n 1 uti1lf\ Jnd JricJ. A pru~~c,;o; p;ttrnt ill.S. Poa:~.·rlt (~;·::~·;: !'l<.f,h) Ji~c:n:'\l'.' lhJ~ 
l tH· .• C'Ct"~nd rct..:ti~'n "'l'r j, a ~..·,,mhin:.at itli1of 1 Itt: inh:rnH.·Ji~ rc v. ith 2.2-did:torc1,,.-; 

pioni< acid in a ,,,k:inn ol rt hyknc dtthloridc ( 1.~-u t.-ldorc't hanrl. "it h Jddtti•>n 
tlf .:J ~m:dl ;tll1t>\lnt pf l"\ltiL'CnlrJtcc..l ~ult.l:riL· :.~•:it! 10 rcmr,vr the v..:Jtcr ILHmrd in \h<:' 

rear~ ill.i\. -~ hcs~· chctniL·ai r~;tL'Iillll:\ ;.Hl' !~.hO\\ n h~· I hl· l~,fJ,1wir,r S~l{IICHC(' Jr;.~\1.. lllf: 

OH 

*
C1 

.. 
Cl 

N!10H 

Cl 

~~~20H 

Cl~ 
Cl 

Cti3 CSI1COVH 

H2S04 

0 
D 

~~~O-C-CX:I2CH3 

Cl~) 
C! . 

Th~ r:;ultin): rcJctinn mi\lurc ;, pJrtiai:r ruriricd h: """'hiu!! v.iti1 v.alcr and j, 
Chen f <Jl'linn,lly di,lilkcJ unJrr la<"Uilm In rr•·o\ rr rchyknr Jirhlnndc !Ill IL'l')Clc 

>nd po»inlr tu >cparacc th~ pr,H.Iuct lr••m an: impuricir>. 
·1 ht: fjr,l ,_lcp (d lh,; (L"aCliop 1\ th~o.· one lh;JI cnu!J ronihJY lorm diu,in., (~I." 

Fi~urc 16. p. 61). !loth the raw matcrL.lt ant! the rc<ult~<'g int~rrr.cdc"c contain a 
chh>rin( ~it'n: tHthntn a rill)!-<'onnc(lcd n~yrnr atom. anJ I he 1111\lurc '' hcatcJ 
'-'ith ·~,)Jium h~tlro.\itJc. 'lcm;'cr~turc~· :~rc nnl hi~h. how,..,cr. ~ICIC(' "'~lt"r ;..., 

prnh~hl; thl· :"1-0h'l"nl u~nJ and 1hi .... ~implc n.·al'IH•n orJinJrlfy c.Jnl'"\ nol rc4urrc 
Jpplicat ion of pro,urr. ()icl\in formattnt• :uul•l_ o,·cur at the >UrfJcc of'''''"' roir, 
ir hi~h-prr .. ,vrc: ~l:;•m j, ·u"~o:d lor cll .... ti:; ... :inn. 

Appa:(ntly no :lpl·r;·tion· utha th1111 lhL' fin:.~! di~lill:11ion Y.t'uld rcnH)\-C Jny 
Ui,, \in ruPIJnlill.JI inn f rnm 1 hi·. maicri~d. Siner thr nt•\ .. : filet: impurit;o ~ ould he 
mn:('.q)btilr lh;tn \hl· ftna1 t·,tcr. C\::n the t.li\til\ati~)n a..::.~ nt't Hf\C t~• j,niJic 

din:\ i O:'\ ir. 1 n J ''a~ tc '' rrJ Ill. ~1 tl'\1 d in.\i n' ri1 her h•r mcJ tly l ht.• fH,,l·c,~ nr prl·\c rt! in 

thr r~w nr:llrri:d "'HdJ prohahl_1 he ri.illcctrJ "-ilh the fin:d produ.:t. 

Ru:1ncl- ·1 hr the mira! 1\;nn( .-.:' rt>n1:d ;, 0.0-dimrth> I 0-! ~.-15-Hidli\H .'phenyl! 
piH')'rhlHIIJil·. Jh,, ir:"'·~,.·tl~.:iJl· j,· ;~I ... ~ ~;h'~·n hy ,u,·h nJml'., :~' fcnl."hiP_rfr~:'\. 
Trolcnr. Ftrt>knc·. ~•nlor. K111bn. -V!ntrnc. >nd h·toral (~!rrrl lnC:n !~7~1. 
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Ronntl is cffecli\C in the control of roJCh(J, flies. >CfC" ""rr.Js. ~nd <">itlc j:rul>' 
(~!ere·< Indo !~"IS). In 1~71. highly chlorinat~J <!ioxirs \.-ere dc:c.:rcd a\ pprn 
ln·ch in •n unl.nnv.r. n•,mbcr of r<•n.1cl ;amplo (Wch>lwn, Thnm;u, Dot! l::>>•>r 
lvJ:li 

Tnc m.1nufacrurc of f.lnncl is:. l"·v·Jicp prcxns !L' S. l'dlcnl 0/Lcc 1952) in 
which .Sa-:'.4.5-TCP i! r=>eicd frrsl wirh :r.i,,phusphrHyl chlJnJc. rlrcr: wrrh 
sodii.Jm m:lhl1.\ldc .. lhc clt~..·mi("i\) rcz.uwns :~rc >l'hl\.loll b<l<l\4·: 

ON3 

0 1 
--..::: 

A-. 
Cl 1 

NaOCH 3 ----PSCh 

C! 

lr. lh~ f~rsl step. dry >.:a-2.4 . .\-T(P is 2dded I<> •n C.<ecss of rhi0ph:•sphoryl 
chloride (2to 4 tim:; I he tk•"<ticalomounl) anJ hratcJ slirhtly. pcrh>ps hJ };()' C 
:>nJium clr!.,rrde i; l0~mcd "' :•r. ;,uoiublc precipitJtc: i: i~ llltrrcd lrnm the mi,ture 
dnd dt~GJ:r(cd Th: ckJr f::lrJtc i~ \'a~o.'tiUm-dD-!I!lcd to rrcovcr rhc ck{"('"S~ 

lhiop!'llHjlhor~l ~o.'h!or.Cc Jur rLryc1c Ar.d to fr.lCtiCln .. dl~ ).~r.-:r.arc the intcrm.:J,atc 

frPm \ide rcJCIJOn lffijHrrillcS · 

In .1 ':jiJtJ!c rcatt!OII \CS\(l. nll"IA!!,~\f)dium ,., mt~c-J \\llh :ncth~n,-,J ll)drog::n 
;;a' j., IJh-cr.alcd. c:-r,lt•n~ ~ mcrhJ 1"ol1~ S<'iut•nn (d \~'\jil'm Olcthoxtdc. Thn 'Qh.tiotr 
is m~.,~J sto ..... !r ¥-rih t~< rp;-,(,rd anrcr;n•,~J,:..Ir "'hilc the mixture- is m:~ir.r:un.:d r.t 
L>ppru\.:Ti:Jicly rovm rcmpcr:.~rur~ \.+lfh nvr.conlJ~l n>o1wg ~::tlC'r. 

When rrx"'urcd ~mounts e>f hoth rc~.-r.,nr. ha•c l>c-cn <cmbrr.~J. the ml\ture i• 
held lnr " pur<:>d of riniC 10 emure cnmpictivn nf the rcoction. II nc•nrconi•c 

or!!Jnic H'h·cnt i~ lh~n u.,:-d In c.t:.lfJCI l~r. p;f)dtJ~t frnm a mi.~;.turc of rnclhJ.nof. 

occ-o.s ><>dium mctho.,id~. ~nJ 11yrn>d_cct soJ•um .:hlorrde. Suit"hlc cxtr.ction 
s_ol•cnts J:c o:bon t<tr.1chiPnCc. methylene dirhtnrrcic. 3nd dieth)l_cthcr. He: 
C.\trJCtion ;nl>cnl is Ce<·Jntcd !rom lhc rnixture. WJ.Ihcd with-water sulutiom or 
~odiur:> hyJro.,ide, ~nd (roctinii•JI)' \"Jl'UUm.Jistifled 10 SCf•~r•tc the C>lr•Ciinn 
so!>·,nt for rc.:yck .:anJ h> \CpJr."c ronnel lro71 <Ide rnctron hypruduct•. 

1 hrvvp:hou! 1 hu proc-c~~- 1 he lc m[K'rl [~rr..: proh3 blr d~ nol c .lcccc.• I 5<r' C. The 
JrighC>t ICf·l~r>!UIC [liObJbi)" (>C\."U'~ 10 the b>><: oJ the firuf dl>tiiJ•IIOII cufumn.fn 
1 he or~ . .:add it iond I din x ins ~ rc nlll Ill. ely t<> lx' crcllt cd hrt hi> prnccH lx'o usc .,r the 
z-lxcnee ol hij:h lcrnr-:r.turc JM prr<>urc. •!thnuFh ~II nth<r rnndl!ron< 'TlC'\'1 the 
rcquircm<·~r> lr·r lorrr..:alron of 2.J.7.!i-TCDD (~c h;zurc 15. p. 61 ) . 

It ~p~an c>cn I"'' "kclr.t~JI dit•~in> <•rigrn>ll) prc--.cnt in thr :->a-2.4.5-TCI' 
r.:av. m.Jtcrial ... ouiJ tx c.rr:c-e through into tl:r rrnJoct.-lf.:allthc <t<r> <•utlincd 
.txJ,·c arc pro["'rl~ Cvnductcd. ll>OIC of the U[Xfatiom mtfht isol:rlc diu~rns Into 
w·> stc >I rontl. The >olu brlity of <I irnins in thror.ho' rt:oryl chiMide is unk no"' n: if 
thn· ore tn>olublc. lhe> w·nvld he rc<rC11Cd v.ith the lir<t filtr•tinn. 1Xc:.v1c rhc 
lol~bilir: o( d1uxin1 in .chlorin.ltcd mcth>ncs I> Hr)" <ir):ht (O.J~ r. liter l<'f ·r CllD 
in chlc~o(Mm). much of t~c d•o <in pr cs~nt "<'uld rw! lx Cl i'turcd by the c xtrac-twr. 
soh·cnl csnd ""\'vld tr: ..:~;:;cd a""•Y ""i!h th'= m~th-1r.ot rcl.(tH10 \ohcnt. 
D1\till!ti0n'!~ affo:-J ,.., .. o o~hcr opportun1t1C .. ~ to i,uf~tc <!!o~.ln ('f.lr.t~rr,,n;\nt\ intC' 
._. iutr ur y~nl( 1 r~nil\n\. t\lth~Hibh. the pruhlt:ihty ,1r d:o~1 n~ ~:i rry\nl{ thr\'Ut:h 'n:\1 

·the frrul product >p[XHI ~li,:h<. ucr1nir::c inform>tion i~ not rc\'ordcu 
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Rnnn~l jj [Cjl0rlt'•Ji~- rr~~uc:d hf onl.\" 0:1: (tlffip~n~.- -- thr.a.· ( hc:r.1i::J~ 

t'l'n~;uny. ~l~~.·~nJ. :\lt~.·t-.i~:tn tSt~of,)rJ t<c: .. c:~rch lnHttulc :~7f.l ,\nr.u;tl 

rr~~...!({ll)l~ \r:ll.mc h lllll Lr.\1\l.n. It I\ f.n:nJ 10 {': 1.'( .lDO J'<'!::rH.k ,,,rmu!JtiCin\ 

rc...-a!l:n·c.J O) r.;lu' t~;,, ;uo ..:amp~"'''· · 

Cldorophcn~ Dtri>~lirN Hilh l 1i1Cr>nformtd Diolln Cur.tcrrt 

-1 !"li, \l...!h:'\t(CJtH\ dc.!h \\itr, '"'r~f oth::-r \·nJ,,,,,r:~c:nol c1c:ri\lliH·, lhJI .nJy 

c,1:1t~~r: t,!,,,_\tn,_ lit~ .. ·,,ntplHJnJ, ''"ru ... .,cJ mduJc lh,hr.ll:-'1 h;I\C tx·cn a:-~JI~JcJ 

lnr d•n.,,n ..:~Jnlr-!lt "-Hit rn:t-..Jinc rc:~ull~ ~nJ ah:...~ tho..,.c fl,r 'tol.hu:h an.d}ll~dl dJt.J 
h.!\': no! f"xcr. rcr\.'r!Cd. 

!It' n;,)t/r.rt.pi·r·}t -~ 

!lc\..! .. :hllHP;>hc.;-.c " .._n .. ,u n c~cm:t."l!.~;y :u nthrr !'tti·l _\,..J,/,.t;ir..·hiiHil-2· 

h\dr"·'Yrl-.crr\'1) mcth>r,<. •H ?.2'·n><lhyk!><·hrs (.'.-I/Hrich\or,1ph:m'l). It;, ~·.,o 
l ncl\t n ro t:"'~lC:(I:lf!) .,., ( ;. i I i \ \'':tlcltc, ·r •)i~t r~. a nt.l J· Ut!"t.iW:\.· A\'(').;."IJI hH~. Inc. 
li.Ji;J Hc~o,.J~·hll~ft)f-~-:n:: j' :tr. dc::.::!t'C ~-iCfcr,\·tdc .'l:1J fvn~(trtdc. Pri,H to IY.~] it 
~H Y.idcl~ Jlhcrt1v:J tl!.J! J1,tnhu:..:d ;J;\ .J.n -.cine c-on,l\tuc~: ~~: pt)rut._r ,bn 
flc.~fnt'!~. ~~JJp .... sh:tmpu..:-· .. lkCdll(;Jil[\, C!C'JIT:'\, ;,ntf h~,~hpas1o '\\'~J:: !'171: 

l!.S. l>crL Hr.w IGi.,). ,\:rh~~~~ ;J; usc 1:'> !>ern n•n\llkrul>i) rnlrrclcd ~y ;he 
r,).,IJ J.OIJ J)~u.~ ,\dmlfLI."::UIIOr. II \~Iii rna~· ht- u~c:d U\ :l rHc-.c..crnt.tiH· (l,;"(\J~::'!CitCS 
~vJ ,hl.."r·:h:-roun!,·r ,!n;~,: the ~,tn('cnt:-... tlon i~ rotnctcd 10 ll.l perc~~~~ utth~~c 
r·rotluC{'i. st;:~ L.'lc-i\n\Cr) (Ol'ttJinln~ J:•.chcr 1~\.:dt IT"...Jy ~hu X ~-.ll:1 hul _c.•nl: :.a 
cli'l,cal ph..:.1 nn~·~ut.o:.,:,. ;t·;~ilJ~Ic by ~\cdaczl prr.\-l·nr~iur.s ( l'.S. CnJI.." l'( FcJ..:rdl 
!\epil"!lll.~l f:lle :1 I~'Sl. ·-'-' zn ;r<H•ccl<urJI pnircidc. h~.ur:hhHcplrrr.o ;, a 
C00)\;tccnt of ft,:rr.t.:btl<liH u~·d t.HI l~rcc.'.l"fCl:.!hk" 01 ~on \Or.-tc urn.a!.,cntJI 

p:.Jr.~:. f.>r t..:n!'lL·o~ ,.~ ::11ld:u. :-nJ 1-lJ. ... "';.ct i..).l )rot. It I\ ~h.0 ,~cJ in lt:niccJ Jr.Ju)tflll 
lr.~_l f:P\JC'l"j-.l,!d ;lr'fd:;.·;.~tJ~'lr.~ :.J) :.l Ji~!nft'CI..d:l! . 

il·.c f.t~dt \\~ hC.l.A\il!\.''UpltCCC pr\"-\U\."C"\1 il'I-J:.S~ I\ rcpo:\cd tn CUf\t;J.In \C'.~ lh;\n 

15 I'! lJo: (..: l~pr~~2..l.i.~-rCOD(\',N~JII~•Iih0rp•nll.atinn1977Lln•t9;l 
t.n.!!\\1', dttl.\ir,~ Ct.'U!.! n,q ('.c t.!;:"IC'-Il"•J 1:1 ~.0::\L!Chi\H(.tflhCn( at ;:t dctcct;ll:l hrnit Of 

0.5 ~tf lf Ill.~ i';'r;tJ (Hd""¥ c1 >L 197}). 
hlllf p fl}o:C ,, j"IJ I O':h )l;, • ~ t"x·c:1 !l H.:CJ lH\ r.l.J nu I oil.." I U r-: O[ !:: J,:;~l. i.'l or he ne. 01 :'l.d 

a\! lrc \"Sr:.sltPro) of the iofln\oi~~ (hcmJ,.'41 rc:;,l..'llon. 

OH 

r:Ycl 
CIY· 

Cl 

I I ~ ·IC' 

H+ 

OH OH 

a~-"-':~~-cr v 'h I C1 o 
Cl Ci 

;::;;{•L~1U.([1[ -------

lle.,(hlor"phcn< ;, IC\rntcd by rrJCiin~ one molc,·L·k offt>~nukfch11c "i1h11.1o 
mokcul~ t>! ~-~.5-·1 ( I'.' eln, :cJ le mrn ;rl ur Cl rn I he prntOl'C ,,r, n ,, Ill '""lyst· 

( \1 O)'C I~ 7 ~~- I he pJ [( nl c<! rrtl(C'>\C I d rffcr in lcir.p:: r> I u rc. rc .c; ion It me. llfdcr or 
rcJy:nl )J;.!iliun). rc.aC1:c:n \llhcnt\. ~nJ other. phylial rlr.lm.-:-lct""\. -

In th< !iol rr,>ec". r'lcn!n.l "' ~~~1. n'<'thonolllthc '"''cnl anJ l41f<-'"'"'tr.!> 
ol cunccntrol rJ \'JI: t:r 1t: .ll·,J "'' U-..{J In h1 •:d the ""::att ~ I h~ In formC'd A'~ IC;lL"Inln 

hypr,x!IJ(l: !he rri) .... "'C" Ll~,, rdJ;:( "'' o~ IP ~' t"l.hCr a :'J-hnur pcrH~j (t!.S. P~'cnl 

u: fi:c l·l-l 1). ,, '<"nnJ r• le II[ 1>\IICcJ in 1 11~ X Jt>ciO'.<\ lr.•l lire mel ho nul >U!\·cnl II 
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c-IE:-JJir,.Jir:J ;.:1J lhc .r:.h·l,on ,,. L·n;;J:.h-lcd with p.Jrafo:r.ulur~)Jr ;n .1.n ciC\-)!('d 

lcn•r-:r"lur< (IJ.I· l"l '"<!a .\lf-tol!nuk rcroo>J f\I.S. J'Jtcnl ()llr(( j<IH).-\ 19~) 

p~tCnt tnrtth~o..;,""t:, J v.d\Cnl. '-'hc:h t\ 01\\ ut V"\Cr3! ChJ~'I \\\"ted t-n.JI·.,i.lfh(\f\\ 
1 L ~- I' .J t ott l ,,,,~.,-, ! "\ 7 C 1 1 n:1 pr1 ~ 1 urc- '" JO ~ : n I r}o-· C ·. 3 nd rt' ttl"l•0n 11 me'' 2: _, J 
J;oJU(\ O~t:urn lH.;II:HJ( o"li.."IJ rJu, :'\0.) h t:~,u ,;.nth..: ~..-J::a·-~,1 ;,n,t cnn~.:rr.lt-1.tcd 

_,u!! \Jr~c ;~.._·j~ ,, rc.~·,), crc:.t ;;1' Lf1< b~ rrl1Jucr. l··r~:l~. ;~ J Y i I p..t lcllt 1 c \ ''r' the ,11Jc r 
,,! l('.(~.:i\t :.JJ,ltOi'l an:j ;:.[,o cmph.l>-tiC\ the <.:hc-m•t.:.l: ((,.I('( Hill mcch:lnt,rn ''.i.S. 

p" trnt ()[(~~,_-, 197:! I h:l 1.-hl·mcrH ll)llCJ pro;.:\\\ n rr~IC.J hi) 1 h( line';;, r ~ncnl U\t; 

•t' prl~·c--,_,:n~ \CO..:\.I:ncc '' dhH\n 1n l·tsu:·c -'~-
J'~l(nt tnr.-r:"n:J:!:o:l lll'.ltL'<!l<"' lh.tt c\)Jc-( l.t..tnUb(fl!fJr,J! nlc-!hnd\ rh•h::.hl:• 

rc--:;:JJ:lh:"J rhr )'tl•JL"<..:{ ff~,)r\', ~l•c rc:a~ . .-tt\ln n11\.lurc:.l.J~ nCIJ.tr,tt•lln,:. the \llitu~IC :Jlt·' 

\>lith ,.PUI\!01 r,·,dr,,u,!c. \.l.!'udt ~Pu!J h.J\C nc-;.~tcU if r.llt'.ct br;:c:;~nwunl td Ltt(l( 

~'\~C. (n ln•H.krn r:tJ.,..C"\,.:'\, l"t.lJid!llilll\ ;.tfC prnh,1t"l)) r-Wt~[IJJr,Ct~ '11 1-h~f 1!'10: 

rntJ•~\ 1:U~!•Jttc 4l'tJ '(PJLIIC) .lt J. dr\lint..·t lt~uiJ 1.\~r:-r \\ h(n ~J.:di:!tton t'! the: 
llli\fllf( '-' ){drrnJ Jiln comrkll·lll (J( the rcarlnlr. i'l:l\ ;:.:tJ. wh,ch (ll;l{Jtn\ I he: 
;.r.J t~ r ltH me,; J ur •ni I h( r,..-i.._"fH1n. 1\ t.lc~,·a ntcJ I rpm 1h-: :111 >.I ;rrc: it,.,\! r aln~~ (llO:.J!!'h 

I<> b<: "'C!l ck·~IJcrc io th: pi•nl CMnrk\. ~fdlOU~iJ II P'f·O"'JJ) C:>rrnull'><: u,N In 
'\\ t:--.~.-..p;:: H! ~~; '.11.· h\,Hej-hc nc h.uc he,_ 

l:t lht: (I.J!::1:: l"\.Jr:1?:C'1.. «ht t1f)."JI11~- b\cr lll~t rcn:J:n, .-·c·tc( :he .:l~,d h rcnh)'lrd I\ 

mi \f':d v. llh J(\1\';,JICJ c.td'Hlf1. ""hi~h 11. l.hco filler nil r1tm "IJ!:Jfh'n. 1't1c ruq'ht)C' 11f 
I hi .. trl'.lll":lcn! ~~ l1l r::m1~\C' ''\lorcJ ln~purlllc.'). ·r ht.~ dcJf [~!lrutc: h then chtlkJ In 

lj'fHI~ \\1\\::!:\rh o:· C: (f) \:Jh of hc\a~h1()Jl'phcnc pl C'Opl\ J\C.: nnd ~1C 1\Hr fL"J I n~m 
~tl\f:l.ian. J:tcJ. ~r:d r.l·--~·JfCd. I h~.· li!lf~llC", whic~, ""oviJ ("(\fltJin \~")InC 

tJ~,·.\:il . ."hfor 0p!:cr,(', j~ ;-:1 ut,;., (l;~ J 1::'\,·f !_._. fCt"\ 1.lcJ ( ::r tl\0: lt'l SUC'~C'l:danlo= t"IJ :d·;c). 

ll•cr( i\ r.o :nJ'lCJ[t·J:') I~HI (flt'.\tth ~,,uJJ b<- t~•ir1X'lt duct:_t~ the i"'f4.•Juo,:t•d.1 •JJ 

~ \.3..:~:nH.'j'~(fl(. >11\(C h,~ht:~ 2l"d,~· \:nnJI\HH1., :u~ nl-3tl1~;..\ncJ thruu_!!~-~l\ll \he 
r~·-:.:..·c\\ .:.tn~~ :clr.f"<"tlllllfr·. ~rc 'ti-d) f'-..doy,. rhn\C 1.n,l~!l to hi:- n~ccic-tf fl'l dh'\ln 
(l".J(\tPn\ tt.ur·hf\\u~:· l'n.:,_ It Jolll.ln) a::: f,\Ufit.! an llC l.lChhHtlph(l'te. n.c lnfh.[ 

J,i.cJy r\.pl..Jr.J:,on !Pr thl'lf riC\.<'Cil"C ., ll!.1i. COI~I.l.'OtllaiJI'In In the ~A.~· reP r.;t\ol. 

lr.>:t:ul ~~· nr:~cd ,:-,,,,u~h '"'''the f•n.:>l pr0J•,.;-l b·:~ Fl;:ur< !?, p.,J). 1:~ & 

1ito:.it\'ll :J-:r.!~:-.:..11 td th~l nl thr ~-~.5- f pron.-.,l.. ~hr fL1I.:n: Uc'"~:npti,l:1'\ 1~lll\.l the 
i'""'hd;i:.- u: .h-tl\~tct.l CJJh,-;n :JJ,lHpttu.'l. ""hll . .'li (.f'J!J (JlhC" ~cc:urntJbiJor. 01 

dr•l~.rn\ 11110 .Ja C'\trcmcl_v h:JI~tUthl'l ""-:ntc. ]I t".1th1,n ;,J,orptnH~ I\ r11J~ ~\.("d 1n 

(,'m:T\=-f(l.d rrj·:tH·c "-':itt~ I\ !lli, t,'t:t-!1~ dl-:\t'\~. ;u:~ t..!HD .. irn J!llh<: C:\.loo IC\;ltC(I,,( 

\.\ df (llho..:r J~;"._";H 1:1 th:- }--.(\Jd'lfiH11!"hC'I~( ff•\i!!H"I «'f hr. r-:-,·~\ .. ~("'1! IO \U.:('C:"dlfl~ 

~;: :1. ~~"- Ail nvnt:ll J,,, \ 1n, ~ rc nnl l nu""' n Itt t.,; '-LlJuhk ir1 ,uJ[ one ~ciJ. 1 he~ nu~hl 
he ,·,rrrcJ out ell he P""."' "tih the ~nJ b)r-rl><lun; iJ lhr, v.crc l~ ca•c. J:o\rf\1 

n•u<d llxo ·~!"'~' rn o:hcr rr•>Juch ol ihc rl•nt in .. hie'• lh.<: \ulfuric >o:id ;, 
utd,Jc\L 

c::·. =-liJ'.l n Celt ;··~f;ll\un In ( l!fllln. :\c""' Jcf"\.<~. j.,. r~rcntl~· '-~IC only acti~c l !.S. 
p~ol!vcr ol :·.;,.:<hll,)ro;oh:r,( l'rml l~]t-. lhc 2.~.~-ICP (M t,cuchlor<1pl'<f\.C ,/ 

m>nufoctuic '"'" ;>r<>J~'c<! b) (;,,~·tJ.,~·, ICMI'SA pi.)nl inS<'''"· hail. ~~~d 
,h•rr.c-U I.\ \c-.- Jcr..c_\ '"' c11'l\CrlJurt In 1"170. \\-'fii!~f :\I ill~ t:r,•".t"C~IIyo:ar.JI~JcU 

l...._u ~Cf-C('")'J:I:t.\1\C' \J::l;"k' of ltll\ ln\·n::Htlrhi.."OPfanJ lt•unJ J S O!rxJ I.V pp~ 

TCI\D\ I I ic:""' 1~7i.l. :\r, "'"eel'\ m 1'17" r\,,,.,d the IC '.!I: SA r-L>nl an~ 
cl!minJtcd c;''""'uJa:-~\ p:tc•l~'! '"r•rly of :.~.~-1 Ci' (}-,,; Jun!'lcr clr•:.J!, ~--( lhc 
I C.~ I L~ :\ rr.CIJCIII !.< c Sccl inn ~. p. I MJ. (I ;,. f\0\1." !xi on c-J I hzl •Ill IK l.~ . .>- rcr 
(nr J-,c\Jcl:~•r\>r~unc mJnvfJ\hHc '' ,l_lprlt(J hy {Jp-... ChC"rnt..:~l (",tmr~n.' .o~nJ 

th)l (~1\·JU!.b:-1 'rtnl:n Jr. C\\fcn:ch lc'"' du>:\tn Cllnlt:ol. In 1\J;;;, f1\C ._J.,~C 

t.;Hilplc" lror.. rhc Cidlt\n piJnt ""'f'ft' :11\JI~-,,d lur chfnr,n;atrd c)l(l.lln). ~one •cr: 
fo~nt.f ~1 ;e 0 I p~!ll k\d il~ dc1n."lltlf1 n:.s. f-n\J(OIIme""lll.ll PflHn1Hln .'\fell:) 

J'i'>.r~j .. Su~~ucnl JOJI)';' i>t three"~ lhcK ':trr:pln founJ nul Cl>!l' •t 0 I or 
k~\ rrh htC :\<:!•tJr'l .t \)~\hi\ f(f'•lr\). 

,\h1H;! ..t(.(' -·lilolr<"I";IJ! tlft~UL'' l,."tiO(JI\IIfll h(\JOlfllrtrphc-OC h.J\( h-c-CU · 

rn.H L clcJ IC\."(; .. • ·_. rn rt ll'llJ(', t.!ru;:. ("(lHn<f ~-. t ,,!,} (II her }:.:t mH.·,Ja I !urrnu~IIOO\. 
f he- .if1flt.:<il r:•.:.:ul"lt\ln. \tl 1 u~llt! r)f Jl-.c ~C'fCT11C1t.!C I' not rrp-.1r1cJ. 
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Sullutrc Acl<l 
'r.d SO, 

2.4.5-
T trchlorCY,>h~nof Chlorin•t&<l 

H\-ctcccarl:>;)n 

Formaloeh-,.6• 

!....tlfuri': Ac•d 
8yp<oducl 
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-----·--····· 

/VtJri,•n"/--
llilh;unt>l (1.J'-thi<>-bi>(4.(..J,chlvropho.-~P 11an •nlimic'rt>OL'I •xcnl llnl "H 

)r;'tll\'L Jl <'n" t1n:c (,,, tfrur u'c n, 1?'-.t (i.S. J t\i ... fanJ lJru;: ,\Jr.Hnl,lfJIIon J b\ 
1rrrtl\ .. tl .... :n "'thdr,.\.lon ar. (h.-rv~.:r IYt-7 ·"'-:,:=~u\.C the- chem,ce.l \I. A\ ,,,und to 

pn>Jucr phui<h<r.>llo•lf~· amr>nj! '"''' tl-:1<r.l•rc•u~n ('1;4_ Mtrd lnc.Jn l'l'~l l h~ 
l' S. 1-f',\ cuniJOII<' ,,, apprMc '" U\r ~> ~ f'<'l•ndc tn lhrc-c xn;m•l ,h,,npoo 
r~-!muLdl:>n\ I hC"'\t" Jnrrnuf.ltnJ i'-.1?'1111/Hll proJU4.'i\ tn..Jy {}(l Jonrcr k ;lll."lt\rl~ 

t:\.JJlctcJ, h"""O· 1>-·c.u-,c tl:c ••ntl~ tJ,,, <nur,·c l'f '"" chcrn•c"l (Slcrl•ni 
ll:~y\ i!JliPn·ll<\1\ ChcntJcJI Cc I •Pt":cnlh nn l.ln)!<r prt>du.-n 11 (C'hcm 
Sou~cc, l':ll.': S!JII!tlfrl }{(",r~lldl 1.,"-tltUit"" 1~?>"!. 

1 h: rn.Jr,L'IJ\:turC' nl h1t~u'nl1f '" .t ''ll(·\lcp :-c.n·lrl.-'11 hcfWr:C'n ~ . .J.,J;rhlororhrno1 
JnJ •cllur d,.·;.,r,,"Jc (l~.s. l'•l<nl Cllhcc 1%~. !'.S 1'.\lcnl Cli!•o:c IY5Xhl. Cu~on 
Jr;:.:sthl.,rHll" '' u,c-J ,., 1:1c lol-.·cnt o~n,J ~ •m.;:tll .,;-t·,nuti1 o( :dur1:1oum .. ~htonJc 
>C'(' C'\ .I~ I ht" C J t.s f~ \I. fltlhtonaJ I~ fur mcJ 10 Ci rc .. .._·(IO:I A.( ;t hthJ I )lf: ( ~; h;z trh lime i1o 

;,~~'~: ~ h~ur\. J he '-h~mJC3l rc~l"iJ(I1 I\ lh0'-'-11 h<lu\11.. 

OH 

.~CI 

~ 
Cl 

1 \lU n\.(\~n.J\ t1! )'lt)..h:c! fC('U\Cry JfC '"'-UtlmcJ II'\ ''l\C (H\X'O:'' p~\c:'\\ {(!.S 

P~:cnt O!:i,·~ 1~:\~~· In (\IH:: method. \\J((f H .ll.hird .JnJ irn?U~ ~tlhlttr.o; 
pr<Cl;'l\~3 1.(."'\. 'I,, (..1rm y ouJ~ rr;\-<juct. 1t """-"'t"\'..;\~y ,,n:y IO Cth('l tht \t\ltJ:i ff\lr;, 

til< rc.•\lurc >!hi "'"h th~:m "'-tr~! l•ml" 1n "'''' ar,J cu!d c.rt><•n l<lrach\(lridc 
1 he} arc lh<n dfiCJ ~o.J r'···l~~<'.l. 

Alr«rli<ll\cl~. 10 I<C0\<1 ~ pu11f•od pr•>-.l<:ct, "•l« j, Jdd,·d ~M! the miki\HC j, 
d~>t•lkd to r~:mo·.c 1~ oruun t<lrHhh•r..Jt fur rc.:~ck. !hth:nn<>l n•tkcl• ~~ ~" 
Of~l !'h~ \.Cd:(\).(nt_ "'hh:h i\ '\Cf1.lfi!.ttd hom th--: """lttf \nlut~on t-"""· \kC.:niteuon. 
""~"hN '-·•th ""'~to .ant.! ,,k.J,um h~~rbonilc~- \.rcuu~r.cd. rcd•~•nhcd 10 hi.Jt 

chh•r:ltx-ntc:lc. fdt~rrJ. (j,;1J:l! l•l prc.:1f)lllf! hlf~tf'nuL .ar,,J aptn l•hc.-cd. 
,A, l,"p•rniC p•lrr.l ou1:1n~, a ('l<'<.'cdurt fnr !ornHn~ Ol<tl!lo( ull\ C>( hilluon.>!. 

"'ht<'l .·r-r C'1r.1pPi.lf•~h lh..11 f'<"lm~ll(nlf) lnii'lft",(M.J\C (0111)!1 fa.!>Ct(\ \lrlih 

t!~>•nlcliJnl P"'f'<li'<'> JliS. l'•lrnl Olfl\t: ~~~~ I he pr<'<'C>> U•o H><.hum 
hydrotir..1c bnJ V.lrHHh 1:-Jct.:dh< lllll 1n rc.'J.Oinytc.'Tlr<r~IUr(' rcR<11nn~:, .. ll;l :.:..:.:::- ~!

lhr '"1'-rr;l. 
· Thi~ ma,,uf>rlurin~ a;>< ration ap~rC!Hiy tHo•idN no polcnli•l for prcvJuclion 

of ciotlnl bJ I he l~o~ n pr<>C"Cl> ot d!OliO lornlAII·"'· In \he mJllufae~urc ol cr•,Jr 
b;lh10nCf.lhcrc 1> r.o e>rP'-'IIIIOII\ IO rc..:ct an)' Ji<·.<.:>·.IIUI nuy !>< procn11n lhr 
2.Wichl~ropknoi ,...,. n!lier••l. 'lhq .. -,·~!J br '.·:--rd tl:rou~!• 1~10 I he f~tul 

r·r.o<Jucl. 
I( birhionol i1 iJWIIfi:-J by lfx P~"'"' oullincd ab<J•c. '"'' fd1rnrion op<••lion 

""CtJIJ rcoii.J\C' ron:riiU:l(.h thlt arc Jn'-.ul~bk 1'1 b1t chlur,·tb<ntttK. !\umc Uuntru ... 

P.o-. "'r, ~rc ,r,~h!l~· wlu~!c tn lh" .uiHr.l •nJ lhu> rn•;hl p<r\1>1 Pen 1n purifi~ 
bilhl·.\nol <•r ill ulil 
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.\.rslfr~ 

S\,tr'li·,Jr. C\ 1ct ~.ncJ lH''I :·.~-l..!n:l:lr>fl~,"'hC'!h:\ ; he r0..!.nub:\tifc 1\\lnuLtr\rlth.tt 

d nt>-•n. • ~.~.S-1 CI'·I'-.H<d h:'~"·,.,r ~C\•."II"<:J r.u!1:1. A!1:n•u~h olc1.1oh o; ttl<: 
;,r~t rill'\.'~\ •tcp l"'.l\C r.tlt t>,;(f') rcp ... 'tiC'd. )'t:nnaf pr,:_~l11\." •• .-h..-ma...-.d rdctclh."t't. 

'"'''~·,:c lhJI ·.c•ln md.-:\JI.Hturc: pr•'"lt-h tX"r·n' ~~ ~ rr.J(ltoln r'<-l~<cr. .'_.S. 
U 11.. h loin I' he r.•ll ,. nd rt h ~ ltnc dt!,,r ~h \tJfa!'\.. l ~ '~·).,. n 1n 1 ht."' rc;~ ~,·111'n \.C4 vcn\.·.: I•U l 
(ll):n,.. t:-.fart:h J~"'-~L \l;:~~:rr 1\ l~cO•P~IJ:lcl\ V"!)\crH.rr.lJc ~trouj!h tB .. .alt:'IC ~llh 

iu\l,urr! h_H.!tt•\I:Jc. iotnJ lh~ ar.rrrn.-cd1.1tr pro~.Jht)' ;":'cr:spr:.zln. on ;,~.jd,tt\>n 41[ •(Jd 
lnd I\ (di~ICJ lflH~i \-l)h!!J,lll ,nJ Jru:J. 

OCHpi-)0!-1 

Y
f Cl 

. 

.,-; 

Ci 

; i )I :atC':;•l•'l --------

f. rro>-:cu pAlO I t!nCI~l lh•l If,< "'rof><l IC~CIIll<'l <Up II a (l'.mhm.olinn vf II><: 

111"1Clf:1c\.Lall." "''Ill J-..-.n/(IM." .u-.J •L'.\. l>•tt'nl O!lt .. ·c l'l~r-...-!). X~ I~ r\.lhC' \.~o.'h~:u, 

.1.-,..-: ~ u;u./J A.'n-ot..:n! nr su,:lt:r:c :.citf U U~ IU fCffiiJ~'C (K \l.:&l('f f·Jfl.lcd 10 &lX' 

rcJ~,·\,\H"' 

1t~ rnl:'IItnJ! rn;~·l,<'ll t':lP .. I::rc" r-cu:r.slrtn.J ""ith ,c-Jmm c.arh~•nt~tc .-::-hl r11!\c::. 

(~H'III•n:ll) tl•••d'<'J u~r u,·~cm "''''"'~' 11>< \)let<.: lur rn:~ck •nJ l><""t-1~ 10. 

'<['.Jrtlc 1~ ('f()fit:\."1 lrnm .an) n:lpl:rlll~ .. 

1 h< I 11 ."1 o:<r nf 1 h<' rrKI•<~n" 1 he(>!'>{ I tt-.1 coult! P"''ihl~ l•>rm j.,ni ra llol{h I~ 
'"""' nut:-ruf.a,;cJ the rnuhHu: 1niC'J n'I-Cd,atc CtHIIOJ!!I ~ d·.i,,tH1C atnrn tHtho t\J ann~

,·0nne<:r:J O\'f<n olt•r.>. ar.J 1~-< f'T'IliUI< n he>rrJ "'In ><'<.hum h~drc\IJC. ll:1h 
lcmp<rAturc ,, ni''lt rr(""'Knl. h(I~C\C'r SHl<'C \l.lllcr Itt rrnh.Jhf~ lhc \Oh'C'nt." lh.s!ro 

.. '\Jmrlc rr~C1hln ·•:ou!J iH'I ord,~td) rcqu1r(' ~rriKa!ltln p[ prc\,utc. ll1o1;n 

ler:-rul•nn rouiJ .xrur 1111:, \lJrl'"' pf •l~•m (oo!l ,; h·~h·pr<uvrc •lc•m 1> u>.<d 
rcr Uti.tt!l;t!IIH\. 

·Ap;t.tr(ni~Y r.u tlr<r•tttln o[l1t-r lh.Jn th< ''".:sf C1"\tdL~t\on \o\ouk.J rrm~,-c 3!'\). 

(H:\Jn Co'"l(.J:llln.:.t[lr.tl fflliO lhil rnJtcru: [ \rn lh1·. dl\ti!J.4tHl0 n\;3~ ntJ~ 1\0l.HC' 

. c\::1-"':.ln\ l'lltl.l 'll~\[C \\Jc~m. \\,HI CunP"":\ rln~:l (nrr;')('"J h\ \he rrr"'C(~\ ot rrnc-nt 10 

lhr II" r.ulcr ... : "ouiJ r:ub:bly t>< (ollk<lnf \41lh !he hO\.II pr<>Jun. 
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':'t""\~rr-.-·--------

.. .. 

}fl, I,•Jrn.,J fJ.tt.t•ru:ln< --

:\ ph.HrnJ,· .. ·ul!fJf (•'r:'-f'•lurt,J \·::.11 h<" m.:HJr f~om l.·nnH~lcr~ro:ul ~.4.5· 

trkhhlrl,r)-l(nPI ,,,,· \.l'C J\ iJf", .J!11 1u .. ·J:tl:nl,.-t.: CJc..,,l(ft:ll:! 1-o-t..·,r,.,_-.l(uln} ll !\ l'.ll(ltt 

< )l!ll'C 1-J(, I .1 • .Sih'rl ~ r1J (· hb~n Jvr-.:'.1 I :tc rcH''". h ;, nJ J ntrtt.l1 t<"t' tl~ t hi\ ..1r u,.: 

\\n<: n~HJ.h."tc.J JHhlt h' I~(\~ "'- t'.h \:"r-ur ,, t-:d \\\l_,,mcr~,·,l~·ir :.t\Jc ~ ·"'· \. ( { ·p. 1 he 

drut ~;:., r:w~lc- t"l, GJ'u'!'i'~r. lhc t:t.hu•·r!·cno~i '" ""·l:rn t-cntl·n\· "''~I oadd 111z: .l 

n1C".l\llf(J qu.J::III~ ,,J r~r<r..nr:C' !;-,c :•:,;,!tin~ ,,,f~t•nn \..;)\ ft 11c-tc-J h1 IC"Ilhl\(' 

ln\,lh:hll.· r:uflcr. rldut:-J \6tlh f\\"lr~:k•Jr:• r:M:r. JnJ (~dk.J ("r,,r~l\ .-.r th( Jr•JI 
r:-:vtp1!,tiC'•f ,\t:J ""C"tC' (,!~c\CJ ftPtf' lhc- m1\:urc . .,_.l,hCJ "':0 p-c-11t~lcuMl c!lie·f~ 
dr.rd .• ~n;J (l.ll.·l.tJ-'(J &{, ~r;J!:r• t:Jp,uk\ 

1! th;, ~~r\1~ h t'.:H\): 11\.lr\!JI.\\·;\Htl.f. '~It- \~lhH1"'\("' Jl( \":'(~ 'll\o\ l'"'<l."atnC 11 J\ J;,""\l 

lh1C"d ,,., tlh''l plurn~.!,'"Olll(..::\ lrJJ; IC1Cr0li."'C"\ ~\o')rJU!.:H:IUrt" \I>UnlJ ptnh..Jht; h< ~:. 
lhc '-..J:-t't--\ rill-.,."(·~' UKJ Ill lhl•)Jh-\t(.JIPf~. pr •. hJt>J-. tn lC;\ lf;""i.!!l h-.Jtlh'"'· a!~ \l.l(h 

(4;.J•pmrnl n~'l mud~ UrtC"I thAn -.t.J.nJJrd L.t,,,r:oalnt~ ArrJr.:..ru .... 

Arn ,,H,\In\ Pf('C:ll In 11--.c l cr '"'"' nliJICflll .J!( prnhJ~i~ l.);,.:h.Jr~~r t!\ rltlt1' 
~:t-..tC"\ D.thcf th.!r. t"-"7•n~ l"lHh.·cntr::ttrd H'ltt\ '~' ph.-tCffi.l.,.'<:\Jtll.."li. "-'•'~t ,,t thr Jnn,n 
psr.h.Jht~ 1"\ (,~~trc-.1 l~tln: lhc l"<a"cnc ,, .. lu:H'\'"'1 .n p.a1\ nil he ,n,n!uh~c rn~Jl(l ~'n"·c 
\OHIC Jul\l'"l' <~I( )1,,.:htlf ,_,1-Jhlc 1:-1 11~\Ji') h<nrc"nc .11nJ r<rr,,lcum c-ch<r. a fhH'.J~,:i 
ffi!£!hl :c-rn.J:tJ 1n .... ,:ull,;n Jtr~J hC' lrJtl•lr:rc-J 1n ,,,hcnt ICCO\Cf\ \h,t:l'..tlhJJ1 

&:olun:n". I h.( rrntJil'llllf JI4\\IO 'f\ll:JkJ t---....: d!H'.trJ<J p, rJ.rt ,,, .lt\ .. -nlndrctU\ r.u 
frl)ffi I he t....\:'--C ,,! fh~ l."lll•olr.n ... J h: f'l'Urr.u,~cult(J.! w,fu-.tn· U)ti;,Jt!~ ~t'KIO~l;ttC"'o

buth hlhJ ''C~~tuo; ccuJv<" .!!;f\tJ \1\:\cr\ IC\L)\<r: t..lr-.. 

J!l,(;Titi!.:J·• 

·rh~ ),nhr:Kk t],c...,r.:h.J" .a r.rr•\.111\t· n("J,:,~·.J·c~r:d lr.t~""" t;h-t,.·ni,·;...!!t\ ;,, ..,_;._ 

· d,,_-t,hun·.'·n"'(l!ll•\\l"<'"llh'·~ .a\·,J. 1'1 1'-J.~~. ·.IP-'IJ"\ 'll c1~h~ \..~n)j'ln JilJ:c-.-'IC"<l r.t., 
ltlr.l·. hC\!:i~. ('If hc-J'lA·l"l)f)\ ill .."l l~ClC\thln lnd C.-f (I~ ppr,t ( \\ (.\lli_t(,,l, J (h\;l\,1\. 

•r..J ~'""' Jv::1 I he p:o<n'~ •'' l>\.'(){h "thcvrcto-:.!ly P'-"-'lt>lc.lo<>""'rf l•cc 

h~urc ~~- r. 1U) 

l h.~J.m~ h r.\ll1( tn J\) 1.-nhtrl o( ):.'1-Ju..·ht.vl~l~t') lot: .\O.:Ill. ""tu...:-h \•1 tur'' u m~Jc 
frc•nl ~-~-tLdll•'n'r1'--<"t1•d 1 h( clt-cm.c;t1 rr.ht...,,n~ ore ,t"hn ... n b<lo\.\ 

IIP•H 

Th: (of\111rp" lnc~<n •• 11'><- 1-:olh<-·S..·hmoll rro(t•nn .,0 1\ •'·"' u""J 111 r.ul.c 
un,u\at,:vtn! utu .. -\h." ..}!,"~( Jr,..,rn urhu~titt~tc-d rh~n~\t \1\ ld~ttl(l:-\ tu h.alnpn.JtrJ 

dcrJ\otnc,"t\!.S. l'o1cr,o \illlc~ 1'1.\~•l Opcr>;tn~ 1rmpcr~1urc 1\ r:··,t>-Jhh' "-d•'" 

~;)()' r. ~n<.l l>f'<IJLn~ rrn·.~rc " rr·•~hl) ~rcolcr I h..~ ~ •lntn>rhcrr-. I~< 
chJnorutc-J ).JI,,·~Ia JC"tt.!" m1\rd I'll•' ...,.alrt anJ ,,-..J,urr. tntfr,P.JJc- .o~nd' trc.a1'd 

..,,IJ1t.!<nKih) I ,ulf.llr ( 1· S !'•ten: (l!f,,y 190 7; l IlK ro({oon" ,-,;IIJu,·~ed tntl••!l) 

..._,,h rdcq!<'O.tic.tn en cctuJ the tlth<P~.t~ \ht_knt ICl(ltun. t!--""-" ffit\hltC '' th<"n 
h<-·"~ fur • lr" ~•>ur> •r rcllu\ lcmr-·r•'rurc t'l>j:h:l) ih'"~ l<~l' C) 

(k'\ '-"'tmrktl•1C1 ,,,· n·.(_IC~C1Hirt. th<" nH\t.utc I\ .. l",Jdi('J ..._uh tnJh~~·h\<. 1 (1{" )(hj 

In.~ mh.l rrc-~o·;pdJtC"\ ~ N I\ ldrorJ frnr:l I he 011 \lurC'. flll\("J .. ,, h .... .Ill ("I. :1 nU tlocd 

J.(r(f\\( .. :ii/.1110n r(JI(Jl ,U\ '''f•nK l-1\hCIJI \UCh at C'lhc-t I\ rPHitdc • h~ .. d pnlh4h!~ f\ 

nn{ \.',\nJu ... ·tc.J ~rt \·0mm~'~';d ('HtCllt.."c 

t-,,--crt tor h1)!~ t~'~'i'"<r.l\urc. ~It '-·ur.,._j;,,,,n, t·...c\"1'"""\'Wf) lnT ftH,...,.ll~t)n o{ 

r'>J.>fiMicJ J><>\10' •rc rrcv:nl. It h }ilrh lh->1•1 ;--,,, l<m['<"!~IU!< tl>\Hll~ "i>U)J 

Ill 
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'"'C ,·.s:t'-,•1=1 d:r•\~"-1~ Ill .l f(\Ciul ,.f l~l;" l~r,·1.:l n\Ji,IJ:J...tUIIJI( l(.ldt•ir •. AtKJ 4!1\ 

Ju'l.lfi' l•·r~.J \.4.LlUt.J Cl•'' .. ,,,llJtn CJrf"\,1\~l ~rour' 

th .. J:!:N ,. h'fl''•rt.::J Lt1 !\.( m.a,tr h-, \ cl,•~:" Cfl-<11111.'.&1 c.'lr•''·'lrun •n 

H.:.auith'U 1:-'.l'. lllk~(f l!'h" tr~·h· J:.lrn< ILI•l\ci 1'\Linl.uJ Hr\-C'".u ... -,\ Jn ... r•tulc 

1..:;"'1 II,, Lol!l~ln<"r.;.:.:fl~ .1\;..d.a.:;,.~ U\ nl..,ll) lllr,r.u!.atc:..! p,·,~~-~..h!C p;clo\.h;rt,_ 

,-).:/~-, ( Jri,-.ruthr·tr,d /Jru,~n•n 

t't,~[''t.:r':J, P~h<t IO.JII tftc r·:,\.,j;.;,'!\ ,,,tC'J .lt:-..J•C' .llC .lhll r''i(HILJJ tfh 1 \ln 

.... l'iH1",f"".IUO..! '"'•tl'l [ n~· 1! .... k n~ !f'(" nt lr ;:;.t ~,) n H ~-~J.:J "· tn.!"-~ ,.C\. ~ k.H-'ICI hl,t,l t .:I nJ it. 

rrr'-('f\111\C (l:trnJ\'\.4ftt'lnJ In lht ;;n)~ll(..thhrf\l.l!lliJI I{ :--,,lll'\.lll.l\.'hf·.un.d< 

Jr..·r~'"l•'c ,l! ~ r..'hl~·~~.-..stnt ..... ..,i~L' h,; .......... J. rn.Jr..k t-r' I••.'' rro.~r..·t•n~ ~ . ..S-.J:d-::l·,"rh<llP~ 

\.l.llh \1'>.!1u:t. h\~:.ni.Jc ·;{:H.f C.Hh.•r. a..!t.J\H .. fc- At h1t~ ('fC"'\,\.!IC'. lhrn fC.H"'•Ot lh<" 

lf""'lull•::; &nt:rn!(th .. d~· ~11!1 \.J.tf,,t-.~·.ut,'-1.;-lJI;n.._· (\' :'\ l'.I(CI\1 Oil;i.C' J~\~.t) 

lt;( >=cr.r.lh',.....lr l1,.:.1,..:11l PP-.1')1..! h ;11 prtJ~<\\•n th.11 \.t..l\ ''"'~·,r..drl 1:1 r:-:"t·ounrn 

~">) Cr~·CcJt) l'tHj'~lUitP:L .J.,, ,,w:tn.:d 1r1 Sc\.'IJ.ln ~- rl ~.1' u,C'J ''' ~·•rnc ,•fl~ 
IC',(J'((h 1!J ;.:tda•(IOJI;"J do,t\tn t..'fr<r.H,tr~. ;.tflJ .JJ•\\11";\. \4('fl illfll"-"\.i 1\'.u.!d) ttl\ 

h.-JIU\f ••I lh1\. ,·,,nq..,•unJ II\ \.'t-.;.•nth.'.Jif,unH,to~ '' oh f,,:fcH\\ 

a on-...; 
1/5-

Cf ~HO Cl 

I h" i•ll:'lfo.'IJr..J a. .;. tf~~p,o~t&\:0 •'I 1 . .$--.l, ... ·~.h'Hlf'k~\L ..,t~nfll"J(h •h<' pr·~·c'"' t:l 

ll'...l11VIJll'JfC !1 .. , U•tl t--<-(n ICj"tHil'J 

I h-: (.Jr;";luill:t'n l':&l!nJ I h 1'r' IJ r ~.t\ 00'..'(' u~J fll I h..:.; ICJI t I :1 I.. c.· ... 'll .:'•,\r,lrttll h\

\C'J, Ul'llptc~ . .J.t; cd·hlc lt ... i\ J tw ~ ... '"!;·.c: •n1=•~J~cnt ,,, 1hc :,,CO\•lldlh•n \l.&\ .\.~.l!· 

l!l\·hl•lfi'~~~nnr~·j'l;l'ttd1, ""h•hr \.hCillk.:llt l&'!l"&uL' h ,t"l l,d\,t\4'\ 

Cl 

/yoH 
Cl~~~ 

Cl 

) h"" l•''Pf"'rUn.J '--·l, Jtt..aJc h~ l!trn·l nilr"liiH'O t'-1 ~ • .t.~llu·h!,lh.~f'h(t'h'l t.hlllt. 

,.,,n ... cni:Jt'J nilrt\ . .1\h.l an~ \-olhc~l ,,, j:Lh·, . .t ,.~·nh. ..... KI (\1nd •. lndc\ 1'~7!') 

-'. d\C J\\1"1Jnl lh··mn·.)l h'l t_!\(' ._tlh f""''J\t",frt f•txr, ""·•" l'th'C n: .. ;:hfr V.t1h lhr 

1 r ,.J, r.J :lk' I~ rcr~· ( \tr11.:l. I ndr \ f'1 ~I'- I It' r ltrm ''-• J ,, .. nl<' '' ~ . ..f.~l: ,.,-hft•rtl..t ntH)k 

,,r ~.-l.t ... tr&.,;hl,u\•r.Y."llll'\'hcnt(r,<, ~~~~ ~ "lrt:c."1.u.d l·Hn:u1.& I\ !ull''"'~~ 
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IHudn' ;n Chloruphrn.•l Pm·Jurli(IO Wa,ir1 
.-\;1."'11-:..J~h lh<" t..!r.•\!1\ (:lflf('O( ni CT\Jil\' rrl>-Jt.T\'(t u:nt.)lr.::'"\~ t·hhlJllrh(O\'t' tH 

th..::l( ~:';'"Atnn. hAl ~"":1\ Ct"p .. ·,~rJ lH l!~-C lttcr..s.t•.•rc.Lttk \f:.t.'tm.t.lnl:; 1\ ,,,,U("Ik 

c-sl dnn1n, •n c!'!C' •r.~.oh!\fn.ll k;. .. t(, .:cc~rcd l'' ... ·hl<~l!•r·h(n.•i IH.,nt:IJ(nnr. Onc

ut);,Jh!,,~,J rcr~''' tl ~ I rnt~.,r.m.:n(.al f'lu:r\'t~c'n \;!!r.~.·~ I'J .... ~,. J~~nt<' 
lt\..1:~\,\ )clt \.l:<'\10\ '!\ :-,) ump!(l <l\ \:*\:1\J \.o-1,\Ct i!\ 1111 p\1nh lnl:1\•tJ~"1UtJn,t. 

tr, .. ·i'\!.''\'phCih'l. f''·'"cl":I·JtL'fh:rh)!. ~r,.J h-:\.l..:hl ... ,:,•pl·.-:-n.: ., l-< l1:nn ,,! ,ut:\."lh~n 
\.1 "'' 0 I rl•lll. ~I) ll"l>l\\ \llt'r(" u,cr .. ·ttJ 1l'l JIJ\ ,,f t!'\~ '\JIOp!.-:r Jtc,»-.l!tplt• . .atrJ 
'~'"' !",:\~tn·"Jn•\•n, .. <rc fnur.J :•1 ll·c- p-:-r.f..~:::~.:-.vr,•rh<nnl \o.t!\l,, : J:r tf~·'it (!,r.-, 

n,,\ ~.~~~-1~( ti<Gd'J \l,"f",..,;thcr Jl\) (d \tlo(' kl .. th:l (h\.:IIV\!;\'\t!"i\ ~t:'l.' IIH\f'o•! lf\t!~c 
fH-,_,,;-_Jpt ,,rh<n< "'a't'' 

Ct•rt\ ·~fer J t1.10\ ttl h~lu~dll.\ .Inc I \ l•:.::~til!C~ V.it=i'"" ( tl\..a t lJ f }.'~ .._· ... ,n.,·l·P[f;J! ,,,;h tl! 

Jnntr:\ '\.llil t--.: l~'un~ lfl lhc \ll\l h-tllt(t:r. ~.l\.!f\ \tp:n : . .!.~- \ l"P rr~.~r.ulJ\·n.:r: 

[)t(Cel ~r.JI)lt·.Jd C\!•lcr. ... ~ t•J l!'lr, cflC"\."t. tlu.hJ~!~ l1~1tC'J. ~\ :,I~HtrUinc v-·.s~t·· t"'ih 

H.L:·:H:~~~··! .:~ c Jt!r tY70 \trll r~·,l,j~'"' :r .. ~n . .1 l~'r!":1o :.J. .. '·- i l. 1'1:'J 11\.: b•"hl:-,:-:~ f':Jr:t 
In \'c rLII\.1. \!'"''Uri,},,,,:' he\"- n.l h tCJ ;l nJ r~- l'tH t (J I p ,·,,n: j .;l r ~\!n t.{U .lll: ;II(.-~. til 

~- l. 7 .~· 1t.. ll [ l {J\'h'''·•'ll! ~ i l.l\,:rH~h'"'' .J.nJ ~ ... .,:,,tt li.J 1c-~ l .J.. hlt .~:<\\(' ,t,!i n.~tt.lttl 
"Z'>!C' {.i\,cn lHHn fr;IO'\adl~, rLtnt til JJ~..•i,,HHifk. ·\r\...~on-wh.. J~;h hl.'CI!I:~ ~fl 

l.l~r.J 1< 1 ,,·~·lAin~~ rP•"· .>! lt'(JI>\ (\\,,:ill\> 1'1?'1, -''""' !~ S..-..:1•·"• J pl lhl' 
rrrllltl 

: h: flfL'\i. ~.~t h;o).v1, ... ·;,Jin·~Jr:~.:nt PI\ rrr:lt, .... :d "'' dft'\lr,, t: .. 1~11 ~~~ll:J cH~:J,!rl~l 
•l>!n 1, ,,,tl l~""" In p..ns. 1~: lh'" Ch .. ·:nh·.al ("nnlf',l~·:. ''i'Prt'rJ ll.z~l IHl 

~- ~-: -~· I c J jf') ..- .. ~ui;J t-< a!cr:-n.;ll rn ! ·' lli t J }!f;,; h .JCIJ (\llhf'-"·'r L.!: 01(-):-, tr,•m ~~~ 
\.':o..('ll\.,l .• q·:' .l~h{ ::(tLll~\ 'llJ!t.Jtlllf I~' \0~'\lUI.J,:h.:fll't, r:. .. u11. \lJII~;.,'h pr,•dO\.Tt :_,q•: 
. 1 ,u~:;t.::-, ,,! ~ J <..Jc·~· ~-' '•-I :::.~ ,,~~-r; ,·!·1,.,~,~~.-:r;.,i, ... · .. -,,t••i""ll''~.r ... •'.":."!' 

\ .. lt•lr;< .... J\ Ql_!.L'\I:t'tf'\,.1?-.k l!tf r:p.··r:cJ lnc-1 Ill Jrrc-... ·t, .. Cl f.lll/.'\!o.f lrllhl I .. ,' rri 

'P ,r.\,""tn'..'\h'n h ,:;'en ,,n \:'!•" Jt''''n (iln\\H\ o'lt I~K ur,\rt.).'.C'\1 "-:1\lc '\\ICJtil ,,, ,·.n 

!he IIC'ti.Uncl'!~ m':'lh,,h. 
·'rru rr r.l ;, ~~ h.J\ f,_-;-n n•rt!nl-on rl :a. :l•.:r J,H ('I\( nn.:a I r:-u nul iH"I~iC'rl: ,, J,,~:~ 

•\.J J.a'\Jn...,'\lnt;trt,•(..Ji('J '-.n(C"'\ HC u1h(l h.:\1'\.' ._·!1;-nu~·;a] 'tl.o'l\10 f') i:tn:JI1!1 l ,th-1 

l1\;\11J \'r ,~,hJ 1.•1 m' ut ~he" J .. '~""" l.t c p\.ll."rJ (r, J1 \lm\.;. rhf .....t ~·c cJ ,H hvc•~J. ( l1''''11 
.... n!:\ ~~~\;:~hul ,.(Ill;~;, rrunno ~(l~.dd k r.tp.'\.,·:•! It' N ~:u.:c t.."nr...:c-r.!r.:h·\.!. 

f~t"\'(rdi_\ rjil Ill pj'h k\~o:"\ 1'1 ll'l)!)'1 \lofl(' IT~lJ!~ t•: CO\tro;:IHT'\C'~!."d '-J,:lpk' 

irtHi'l l .. n t.1n..!fdh 1n '\u~JIJ t.~.:h. '~" Yt•r\. ll"h:-rn:r.a1 \1,:ccl 1'1~~, ltc~,,\o 
ChcmiL·JII tcpnrlc-Ji~ tu\ Uum["<'J l •·-·u: ,,f _\](X) 1\.J:-.... ""' : . .;.5-tr .... :hh'!-r\•rf.cr,t~l 
"".,,J.·, p·. c' all, p.o~-.1 .:.\ ~c . .u' tn 1h('\.(' '""\' JlJmr• t I l~d.-: P~rl ,.,kJ It•\ c l . .J.h .• d; .:rnd 
lr! l;r.c tl:tcr Jl\r~Jul "'' ·•n tho.; \'l.'r.lp.:&n\ \ ''lt:.JU. 1- .. u, rnJ;~.-rt~ lhc rcrvn 
\." ... l\ ~· .... t...-.J ( h...t tro.c Q. .J.·..t('l bur I<'\.! 10 :~ u n-Jtdh ~ o.)IJ;J \."UO)f;.i lrt 0\.CI IIAJ r·H.tn.t!\ ~l( 

lCP!h 
-\1 1~.< lrJ~\\J.>J f'<"'I•••J: rL.~I 1n J•,-ll:•nlll:c .O.r-~n'l•. JO<Hr l!'-'~ l<~.'l;) 

~)Urh ,d U,:l\fn.....,;,ltt\Jmtn~~C'J .... nlt."'"t .u~ '\h'H('J ·'n lh: rL~n' rll~f"<l'\ tl-.~\1\fT\.-\Il 

~~~')) I he- '''IJi 1...{\J .• H;rrt~ c.ll It'!',() ptl"t..(·nt In lb: ¥JI\I~ ~.S\ r.ctt r"('-:-fl('\JirnJICJ. 

'\n ,,(hn l,w"n ~"''''m·'''•ln Jr"lr'h'' ,~ .. titJ.aiH•I•(l ,,, Jh'\lrr'\ 1}1.JI ~~~hr l--.c 
h.ur.fJ ch-< .... hnc 1n t~ t :lTh'd ~:t.a!C'\ ln o~n dlc~n 1,, •·knttJ, :src.J' \.\t-•• ·:.·llnJI!1h 
.u-c r:-h, ... t t.\..c:, t11 \.·(lntA·n ht)':(' d1-0..l\IO ""'1\l.C''. t tjtJr-:: .\ l tllu,,lr .. l('\ \h~ J,,·i:h•n' 

""here rl".lt•r,-,r~..cfl.Vft JlhJ lh.."H U~ti'I.Jll\t"\ o~rc fl()'A ···! 't4.CIC lnrmnl) r:···,.h~"'CJ ,, 

rl~l ,,Jih:'-C." 1-"'l..tll;tn," rrc .. cnlrJ rn I J~k 1~. n·.•tc l"wl :lu\ lpt•''"-" "''' Jl)\!uJc 

1 • ....-;:lh'r.' ._,f the ~Jn) ''"~'r"n'<" th.-:.1 l!TC t--<11<"'-c-J n;l) lu 1\lfn·,ul.Jir •lf nlla<f"ttrol,,. 

r.1~r,,:tunJ•-.r t~c '~''"''rlt<rH•I .. nr lh<"•r l!ctPdt"n. 

_A.. c.fc'Ltdcd dto....-,;\lll)f\ o! 1!'\( mc:h<.~>\h tJl-CJ (t'll J"f''H-.ll vf J,,n,rrn. ::- prr\-l'IIIC'J l.!l 

'-<-...-:''"' .\ ·\JdJ\1,'1\"I •llltlfrt).;ll•'" rd..1t(J In lt-:- C',.•IJtlnr:ICI\1.11 clfc\1" n: Ji,1\lr. 

.J"i"'u! h ;'rr""ntcJ' tn tl\.c ,,JI)-...('~·tt,\n ,,;--. \\'.1t:t -l~ .. n'p"H( tn ~\-th\f\ ;_ 

I! ~:.\A ( lll.!l RCl !l E~ 7. [.'.;r 

I" l'i'-1. • tKhn«-:>1 r•l'r "r<'r:d :1:, rrr-.cn<r "( (X'IJ(l "' ,.,,,p!<, n: 
cnr;~('II"'Ct"ill tar\H·hlt\ft•~nlrnr ~\ .HJr,(u\.t~ rt .:.tl. 1~i.t} 1 h:c-c ~IPpl("') ..,.rtr 
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P:'>,!O<!<·:;tl'>,,, PA 

2 Sa!': M.l!r>o. CA 

J f'<><:''·""· OA 
4. C:..,...J•r.d. OH 
5 M<l~·).j. MJ 

6. Tu~~'""'-'· AL 
7 Lu~.NJ 

B. Ct•lton. NJ 

9 . N•i"<'Y•ll•. t:.. 
10 Jcc""'""'""'·Al< 
11. Stv.n<;!irlct ItO 

12 H·~t.tF.,.l\:!.."'~ 

1) Dowr, OH 

H $1'><!~~~h.1A 

l < ~~~-·). NJ 
10 Vf!l,f•~ .. ;J; MO 

.)..._'• 

·-• '\·-....... ~ ·:·--:---~ ':·•·-- .. ,-~~---~---·r'~.-;""l--·_~,--

. " y, J 

,·;' 2 YtA 11 · . 
ll ._ ... 

t~ 

17. 
16 
l9 
20 
21 
22 
23. 
24. 
15 
2~ 

27 
28 

.29 
Jj 
)I. 

S:.,.;et. ll 

(!1..::...1{'0. ll 
J(.-.,;. .. s. Cnv. KS 

V«Q~-'. MO 

t.c-on•3. WA 
SI.Pt,..t. 1.\N 

St~!-t.MO 

Ctnc~ H•·O~I1. IL 

l<•trc. VN 
Arn..">l<>r. f',t, 
f<ort'-0"\. (A 
Po-r1 P-\~!"\os. TX 

St lou''· MO 
· v,-,,_.,, •. KS 

O<~r-<X>. Fl 

r~ :!3. lCOI<CJ•• ol cvuont •r.d !Otn'<!r pro<h.C>H> 
of ch~Q.ov~f'\GIJ 1nd lho•r d~rrv#ll'(tt 

r r~ 

·1 
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TABLE 19. LOCATI0.\:5 OF CURRENT AIW fOR~If.R PR00UCERS OF 
CHLOROPriEkOLS Aim TH~IR DEfiiVIITIVES' 

--·----~-------·----------------------

G'"'":.;d.ln (Otpo...,...dt::>". 

(hfli'T\J.Cali OIVI\/'0() 

Guth Corp. 

J.k.,--l..or (hr~•l (e<p 

0<C~I11e: rff:roiourn C(.lp. 

Svb~0~tH)' 

ICC !Mv\lttH, lr.c ?o~rr 

(.~rn,.<:l!l (ptp. JUbl•d•.ary 

)..l,re'o. •....0 (<1 .. Ir-e. 

l OC-'tH:ln 

l•r.Ccn. I;J 

cr.r:c<~. NJ 

Ower. Oli 

115 

Cnomi::at Type 

1.4 .o 

PCP 

2.4.5-! 
2.4-0 

2.~.5-TCP 

2 4.5 T 

2.<1·0 

2.4.5-TCP 
2.4.6-TCt' 

2 .3. 4.6 -l•rrochlf'fc~h• ,,..,! 
2.ol-O 
:?.4.5-T 
Sdy~.a. 

nont'\.1'1 

i:"J~n 

01..\PA 

2.4-0 

2.4-0 

2.4-D 

2.-$.0 
$dvr..1. 
2.4.~-1 CP 

2 . .C.!;-T 

2.4.5 TCP 

PCP 

2.4-0 

2.4.5-TCP 

2.4-0 

' l 

... .. 
-' 
-~ 



i AELE 19. r~o:1:inuudl 

Prodt.Y;or ---
1-.tons!J."lto Corr.pany 

~ions.J,,lo l:""'dus:r,.J, 

Cr.e:-noCdl! Comp.3f\j' 

Lo-cstion 

No-nh. A~r~can Ptdtt;t~ Corp.. Ka:"\sas :,\'(. KS 

l\\omps.·n·KJl"we:rC C:-.a.nucai 

Co .. su~~·!ry 

PrrvJto Or,.H~>. loc.:. 

h~o:-:d1a. in<:. 
A._;~rtcul:ural 0Po'IS'On 

UniM Carb'"j" Corp 

AQrKullvrlJI Produt.'TS O""''S•On 
Amchem Pr;.ducts. ln..: .• 

svbi;c1•,Hy' 

. Vert,c. Inc 

_l 1 itfl!:....,~AI. It'< .• 

1ub-s•d·,rr 11 

f';erHH Coty. KS 

lecorne. \VA 

Po~tl•»d. OR 
Sl Paul. M.'l 
SL Josep:-.. M() 

Notro. lr'N 

Ambia.,-;., 
Ftc-mont. CA 

Sl. Joseph. '1-10 

P.:><1 Noc~s. lX 

$1 Loull. 1.~0 

Amt>ler. Pll, 

Frorno~l. CA 

Sr. .Jo<&oh. MO 

J.cksonv•ll<. AR 

0 

PCP 
2.4.';-l 
2.4-0 

PCP 
2.4.5-TC~ 

2.4·0 
2.4.5-T 
S11....e-. 

2.4.5-TCP 

2.'1·0 
2 . .t:.!>-T 

2.4-0 
2.4.5-T 

PC I' 

2.4 .(1 

2.4-0B 

2.4·0 
7.4.5-T 
SrJ-r~x 

2.4.6- TCP 

2.4.5-T 
2.4-0 

2.3.4.6 ·Tell ..c:-.:oro;;t-.oncl 
PCP 

2.4.5-T 
~.4-D 

2.4-0 
2.4.5-T 

2.4.5- TCP 
2.4 ·0 
~.4.5· T 
S·!vex. 

.... , ... :··. . . -.. , ... ,. .. ·-,.·--, .. 
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TA8LE 19. (continuec) 

Pr~ducer Loc•li<>n Cllemicel Typ<l -------------------------------- ------
VL:ican ~1Jier,Jls (~. Wicho!F.: I( S PCP 

Ctlcmica/::i o .... 1SI('II1 

WoO<ib~ry Ortan~o. FL 2.4·0 
Comutrix scbs:diafy 

a -Sourcr-s S!ar.~Jrd R~searct.lnsl,lul~ 0JtiC!ory d (ht"Yl•c.,l Pro-J~''"'S. Urule-d S:;Jcas 1976, 
1977. t91S . .tt\d l97::.l U.S lar•h Comm•U•vn. Synthet~c Qcgal'\ic Ch'\m,cals. Uoi!e:d Slates 
Pr"':hJCt•Of'l Jfld Sllr!~ !Sf;fL US lnl~rnal•or:al Trade C?mm.ss•on. Syn!h~:~ Organ•c (hem
O.: lis. Unr!£'rl ~t.J:rs F'rc...:!~..cl•on an.:f S.:olcs 1974-. l976. 1977. ar.d 1978. 

tl-Herc;!c;'s. Inc. h!S 01 fvrmer owne; ol I~ Jidson .... ,ri~. AR. l~c·l•tY nt:W owned bfVortac. Inc . 
. -:-r-'n<val~ Br .a ,...,,;h. ''''. rs bt'•cved robot J lor met own e.• o( I he K!lnsas Cqy. K~.l.lc•!ii'J' lll'W owned 

by PBI-Gor~'>l) Co•p 
d--fo-: -ntt hr>ter-Amc:'lt!m lactl•l•t:S tn Ambler. PA; Fremont. CA: a'"ld 51. Jos.tt'h. MO. ate n0w 

o...,r.:-J br i.Jn•C"l Ctrcl'de C01p. 

~na JyuJ. t"' ,, of 11hich contained OCOD in concrr.tration; of O.C5 and 211.9 ppm. 
All thn:c Co>n!Jind octJchlorudibenl:ofuron (0\.'1)1-") in l'Ofo~cntra!ions of 0.34.-
2.~.\. o~d SS . .\ ppm. On~ ;:.mpk .contained a \raCe amount of 
hcptJ.:hiNndih,·nll>furan. 11 WJS cst:hli:;hcd that the principal impurity in !ht'c 
~amp!c, 1>3; rcnlachlorobcnt<TIC in amounl~ ranJ;ing from 0.02 pc~c::nl to E. I 
pne<nl. II' h·:o !he>'! r.:plc> were cu mincJ ljUJ)il"li 'd)·. I I othco impurities having 
pol)ch!urir.;~:oJ rin~·\) P" ~\runures wcr~ idor.\ilied: 

lk: • ch fur t>t>iphc nyl 

I lccJc h 1:->robiphc nyl 

1- Pen! a c h '""'i'hcnyl-1.2. J-di('h loro<·t hy1cnc 

[}<.-" c~ '"'"hi rhcnyl 
(kl o.-h l,•rr.lJopl>cnyknc 

C'..:IJ ch h>r 1>-l.l-bicyl'lopc nt' Jic nylidcnl' 

H c '"~IN ''~yclopc nt a dicnc 

S nn:,<hlorobiphcnyl 
I lcc•c hlornbiphcnyl 

Pent ac~.lorClioJ olx nJC nc 
H c ptachi~.ro piti t.Jn\ 

11 is sifnificaol that t~i.\ lis! include> o1) phcnoli,· compounds and no pr~dio~ins or 
isoprcJi~>,ios: In h:t. the e>nly (o,:ipuund> in these s.:~.rnpks that contain o~ygcn 
arc: dio.t.ln:'l. anu dihcn1ofuran~. 

Ust""S 
HoJchlornb:n7<n< i; ~ rq:i>tcrcJ pesticide (~rmcrly t:>cd to .:on1rol • fun~us 

inlcCii·.lr. of v.hcJt. 11 is ~lso" waslc h)·produc; :rom oJJnuf"Ciuring pbnts tnJt 
produce chlnrinJ!td hydrocarbon soll·cnts a~d pcsti.:idcs (\'illancu,·a 197~; U.S. 
[n,·ironmcnta: .Pro!cction Arcncy 197~r.l. It can he lhtd a> a raw material in the 
manufanurc of pcnt>rhl•Jroph:nul. hut is oCl! so usctl in this count"ry. 

HoJchloro~:nr<r.c is not lhc same ·cnmpnund as ~rucnc hnachloridc. 1hc. 
lr:lpiric formulz nf hoachlornbcn!Cnc ( HCHJ 1> C,Cl,. ~,j its slructure is that of 
b.:ntcr.c in v.hi~h oil nf.thc hydru;:cn atom> haH t-een rcpl~;-cd v.ith chlorine . 
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llcnJCn< hc.\achi.Jrid: (HHCJ is lh~ c<lmmon name o(hcn•hltllncydohc.Hnc.ltl 
cmpiri.: formuiJ is C,H,CI,. llnd it> struelurc roui:> frem dirco ~Jc.Jitl<ln of 
chi orin( ll' h..:n1cn~ rJthLr lhln frt.•rn r:j'l.l~\.·mcnt t)f hydrtl~cn. On..: ''t''J.:tli')•lfllcr 

C'( BIIC. :hL' t:arr.mJ f,nn:, i~ a pl,\.1.\.'ffl!'l inSl't..'ti~iJc. ;;:raJ II) u~l' ln tht~ t'tltllllry I' 

soacl.1· rotrictcd.li i> 11111 made ho"'·cHr.l><:~·ac;,c IIIIC '' ~n intcrmcJ1alc in the 
m::>SI comrn,,P syrllloc,i, mcthoJ oi rr<>Ju·;in£ IICII. 

M~nufarlure 

In the mJ:tufJclur< ,,[ 11('11. the fir>t >ICp ;, a phorochi·.HinJti:.r.. in "hich 
ch 1urinc j:JS ;, buhhlcd rhrou~h hcn1w~ (\\'crthc·im )')_\..;; !:.S. l'arcur (:';:c·c 
1?55b1. Thll nct:"ur, ir. a spccialitcd r<ac1i1H1 \"C"d (iti-:J wirh a ~tfOhf: "'liJC"C' uf 
cl:r;,-.·irkt h~ht In~ ''"'··rcmpcraturc rcactH>n. th: lifhl cat:d)'ICS rhc ''""'·r,i:>n 
ur' •rill~'i'""'dy 25 ;->c1rcn1 ,,[ rhc l>cntt"nc In I<'" r.ti.\lur,· <lf l!llt' i,nmu,_lh" 
mi.\IUr( i'!l -crud~- HHC ... -l}nsi~ttnF of aht'lUl l,; pcr~..·cn! l'lf lhc rdplll i~onu.·r. IU 
pcrc~nl bc!a. 1.1 p<rccnl pntmJ. ~ ~il'cnl della. ar.d ~ pc:"Ccnt cp\ilon. II j, 

.<cporalcC b:· .Ji11il!in~ ••II mo~r "~ rhc c.\t·css hcnlCnc for rccyl':~ and then fd1crin~ 
rhc llHC cr:>tJ!, lr<•m th,· rni.,lurc. 

All srcrc.>i,on.,tr\ of 811 C arc <4ua'11y suit ?hk fnr 1 h~ "'~ nuf:r.:rurc oi II CB. Tr.c 
CPnlim•alion o( the rhKCn C\lnsi•H\ ,,( mi\int: HJIC with dJnnl\LJ)(nnh' ~cid ('lf 

sulfur) I chiMidcand hold in!! the mi.\ lure or 3Jlp~o~imatdy 200' C !.J~ "'·era! 
hours (l;.s. l'arcnr Office 1957~}. Thi; ,rep rcmo,·o rhc hyJ"'l!•·n lr<>n I!IIC Jnd 
thereby fe>lorc; I he un;Jt!lratrd ol'n/cnc rin~.-Whcn the mi:-:r~rc is C'><•lc.l. IIC!l 
prccipit;t!o aild i.'i .scpJrz..~rcU hy fillrar inn. rinsed with wa tr:r. driCd. anj pJI.'l.:ttp.t.·d . 
The full~v. in~ ~hn'~~ 1hc tnc:rail rhcmic31 rcacti,~ns ('If the: fHO~l"~!). 

0 ~. V. liGHT 
+ 

Cl H H(J:cr Cl. . H 

H Cf 
Cl H 

H C! 

!HC 

Cl 

Ct~.CI 
CIYCI 

. Cl 

+ 

+ 

+ 

f>:1criptiun1 of thor prtlt'C>' ~tcp, prt)\'iJc llU illd;::~ticr, !n,<l d1u1in> Drc 

forr.;cJ. The,...,,. malc;iah ~tc ben tent. chlc•<i.nc. am~ ch\oro~u\fonir aciJ. none of 
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"hiL·h arr '''''·' '•'UfCCI or d<o.\inl. The only IO("(J nl I hal could (P~lribulc I he 
0\~j.:Cil n~.- .. :JrJ tv r''mrlct..- the tlu1.\in rin(! ~~ l·ltf\,rt.hul(l,ni,~ :~ciJ. but in 1hi' 
C\.llnpnund the "'~f(O 1\ ltfhlly h11un(! in ;.t hnLn.:r \4tlh )\II(~H. 

1 herr j,_ l:u" ncr. A \urrkrncnt:ll pro ... ·;-" th:Jt r,,ntt thutl·, uoh~r "·hyrni'.:.Jh thJt 

nlJ) lc..-J l(l Jr\1\U) lft(r.-1.\(lliO. I hi' l•\(1;.. ~:l"J' lll.J~ tx: UlOJUClCJ Jt \~)nJC rbnl\. \lr 

r:n: hJ' c ),\~,_.11 ,.\,;1!-itClt:d u: ~:l: lice ~ CJ r '-· h A lll.J r \. c\ c' hh t lH a~., _,l: e t,f g ~ mrn:..
HIIC ;.s, J.n tn,cdl(h!Cib, :llJil·r,JI "c.\lf~H ... Il'"lJ fr,,m the rnt\lc:c 11! ,~rulk 1111' ... · 
JnJ bcnt~·n·: .;ltn m,,,t rt! tl:e C'\l'"O' hcntcn< hJ\ tx·cn Jt,tdi~,·J llilll.lf C(\"~l.'"k. (<, 

t!11' t"'ln~o:c~lrJicJ 't,!uinH .. \.I:Jtrr ,, ;:JJ\·d. ~lun~ 'k.llh lllht"r l'ltcm•"·;.t!, I he 

tlhjcl."lnc 1' tn '''rn1 ;,n cc:HJI'II 1 11 th:.1t \.1.;1; (lllr~tn p .. n: ot I he Ill I C. J h.: ,..ufutJ.Ull\ 

tl-.rn filto(J. thr .rr.1u\'ill/"' pJnr_., thrl'LJ}:h the L.t-:c. \olthdc tl1c \Olnh th~1: '-'err ntll 
~·rril'l,•llc•l J~c ro~rtc~·:J. S1n~,.·c ~;,mnu-HIIC 4.1\."l·umu!Jic, pr::krcnltJ;:~ 10 1he 
c: und,tPn. the '~llu.h trPnl 1i1i' l•r'l l.ltr J I tPO :lfl' u,nJ J lH II ( · H nJ.:J nul-.~ rt urc- ~1:1d 1 ~h· 

ldtr;tlr 1' l!~~trJ O\tt!: .'tJit ht h:c.J\.thccu1uhion JuJ then tc!dt,·rcd :he ,(-l'('nd 

~.·r,,p PI 'L'~'J' \·lin! J::h up !cl I h rC( t lnt~' J \ mu(h !-!·' mmJ. · fl J \ C .a\ 1 hl' ..:rutf; product 
J:-\J I) f.!rt:·J ;'111,1 \u!J )tp.,r;!lt'l) (l'.S. P.Jt:nl o:r, ..... ·, J(,l.S5h). 

•\\ ,ndtl·JtrJ b~ l~ .. e rrn,·c,\ p.ltcnl. (hCntH.".:Jh ~lh ... :J thtllr.f_ thl\ ~uppl\."10\"0(;.1) 

\\Cfl mduJ( ~ "'n..lc tJn~l!' of f!t~Jnt,· dc:tl'I)!Cnh anJ ,,,htnh. t.ul nPr.~ ol tho:-c 
lr...:t~ .1 r:- phe nll!t,· tH h.:..t \ r h-..· en ~ fhl'l4·n I •• oc a 1 c d ll' .\1 n '· I ).c lt..l }!:CI·" ~,! 1 h~ .l&llO nic 
t y pc J r I." r: cle t rcJ. C:»j)<\·u il _\' _,J !t!o tll :.ult o nJ trJ \ U(\.'tllll" (''\ll't ). o .. d: hnutt!l a ~\Y u( I he 

l"~lffiOI('Ir\ )\..:ll.n"C·J(Ii\l' ;li}!:;:'tlt:- J!( )UiiJhk. !\upp:Cr:l(r'lJl :!~.IJ!\L"Uh rna~ 0\11 h< 
CiTijlkJ)"CJ, ~ii:\.'C' h<"l~/('Oe :t.!\'llC' i'l. ~Oitd lu b< prc:ccr~,J. but UIIJC( \UI[Jhfc '\01\(nl' 

ir.,-:uJc Jjl,\J.nc~. ~n:~ PI the ~:iphlt;c \llb~tlluk~ h-:n1cnc). :.~n_, of the l·ommfJi1 
,·hlnrinJicd pJillill< h~,ir,.:arl">l.ln>. l<f•J>cnc,. ~nJ ethyl rlhrr. lli0unc" lh~ on~ 
<0mp-.,unU ~~~tcJ th:lt Ollj!h.l t:"I.HHr\hutc to Jn,:\tn fornutmn. 3hl'h\Uf.h \h~ tch."lh\Jl 

)) nt): ft'(>'HI•:J In pu(\!J\hcJ lliC'r.ltUfC. 

!'rnducliun 

C:.u(~nr irdt~r:n.-:s~·~~n on 'hC" \(l!,;:r.c ·~r !'lt".f:lc-tlnn "' 1~-:·.~ch!~\:~~~::.-:-:-;~ i> 
·;a~·l'n.scn. t\nnl:.1J rr~ur:•nn c'trr.~lc' r;.wnrc lrnm ..s:0.000 tl" 7t.r\Un,>\l pounlh. 

SrJurrcr "'' Ih: """ lri"'"'J (lnm~'l'c P""'"'" in !•li~. ();wcr Chern:..:.,! 
(",lmpJ.n: or \i.api..l Ja!!,, ,., ... Yurl. \.1.;}~ the Pnl) rcr\H"Icci rrudul'('r tn t'J~7 
n.~.s l·n\icpnmcnLJi f'(lll(l(HI:l J'\~cn.:-y 197Xt:J Dt.L\In\ h:J\( no[ hC'l:n rcpPrtn.frn 
:Jn)' t)thcr rhltlrl)tK:n!cn<" C\Jr.lf"HtunJ~. 

OTilU:: rHI::\OUC Cm1PO\.SDS \\lTI! DlOXI:-.:-F~)R\11:--;G 
I'OH~TlA I. 

Sn·erJI Ct~mruunt!\ .... 1:h :z phe~w! nudcu\ ~hat C!c. no-!. \·,,nt:zln chlo:inc: ,n.· now 

· tx:in? rn:znu!acturcJ v.r ""'err m.JnubcturcJ 4ilunc 11m:. Four \Ut:h cot;1pol!nd, or 

CIJ'·''' c'f romrPunJ, ~It n~m1n~~ (c>: lOCH dlll\ln·f(>r!OIO~· J>OlCnllal 10 lhu 
-.crlion. (Sec abo l•~:c 7, r•,.;< )X) . 

flrnmina!cd Phcnoh 

Three hrn:mnJICJ r~·'""''' rompounJ, "'"once rrunul:.(lur<"1:l. anJ nl~~ qjll 

!Y.. P.cnu~e hrumH<JlrJ u<n\ln' hJ\c lxcn mJdr 10 khoralor~ np<llmcllh. lht) 
r,'..:..l\. l'x ~·rcJ!cJ J~flnl! th:- tn:lnuf~nurc olthl\"'~ l"t 1 mpoun~.h .. 

f;uhfl,h:J c.!.z:J Cc-....:rtl"-oc the rrt~Ul11fln ntCiht~ '"' tC1ra-hr,Hnn-.:rcHl!. ... htdt i, 
rnJdc h\ U1rn, brnminJitnn of l:-<rc,,d tn J !r-u!\~nl ,,[ (Jff>tlrl rclrJI.'h!u11Jc v.rlh 
:du.1111i~m anJ iron r""J"' ,, L"Jl:.ly>I> ( t·.s. l'"lrnl Olilcc lr;~.ll ·1 he f,,u,,,..;n~ 
tC:...ao:.'ll{,n i~ cunJul,C"J ~~ t11dm lcmpn;alurc. JnJ 1\ rc4u1rc) ;.~ui).J. huun lo 

n•:nplclc ~ h,,,·n 
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inlt> r~cnt;l •nJ Clrh·:tll tltt>\•Jc. hut Jhn lOili \n\.1lk: ~"'"""''of ph< II) I \C,IIly'l~tc. 
v.!11rh 111 curn ..-,,r.t.kn''"' to ";a;-alhl'Ot': 

PKf~H SlliC!ll!~ 

0 
R 

(~(1) 

:.;1ncr I he otlho c~r~n i\ hclJ \.I.C.:JU~ ~11 the ul&l.)lic .:h.'ld rnok-c Jlc . .Jnd ur. ... ·(' I he 

111rk·nn~ .\antt•C'nc ~lru-~.'h.HC hA) L'<"cil.l<.Jcn!d•cJ. the ltrrm;.~(ulP of U1U\tiU 0\A) 

sh•l ht' fld'(\Jblc, C\~"'\.:tJ.!I~- If 0\~~cn_ 1.\ rrc~t'nt. 

I'<H h u he~ Ill' ac·IJ and \J nl hun~~ t< '"'dd~ tl~>it ihut•t1 ~~ n~tu rc S->1!(1 "' C>l<fl 

;an;- rc-spuns&hk hH sorn.c piJnl ffllJ.:ranl"C'\, ».nJ ).hnthon(' •\ a )clln\li P•1m<nt ill 

thmcr>. 
S:~b:.:~lic .:Jt..·,J i:1 :runu:;~.ctt.Hcd h~ ft,ur .;umr~nn .. "'l tn lh1~ coun1n: 

(),," Chern..:~ I C'omr•~x · llfidL>ntl. ~l"h'}(J'" 
\t,•h~nto Cl'rnp;,n~ St. l.oua\. \lt\~luf1 

fl,~;\\;;.{l.l\ '·" Chim.l";tl ( ·,,nij)-.!1·~)- { ·,r:.;Jnna.r, (Hn~) 

l'cnnrc·,, Clxnuah. In: (;~d,c!d. :"\cw Jet'-<') 

Am/nophrnu[, 

1 h-:- ,,~ mtn l'J1~n~'h cnul.! L~o.'fit.'CI., :1 hi)_ hlrm <lit)' 1n·. t hrt,u,:h r')nd-:ri"J,llilln..,.. lrh 
lnH ,)i ;\tnr.lnnt.l. lhc-K lrc n<'t to~:'h-,o:-umc ,,:hem":"'" .1nJ ;ur n•.'l lntlV.IliO h< 
rn.;Jc ..... 1\h ha\,)fCCr'l ''~~:llucnh !, da\\ ,")! rrbtcd cum~1uod, '' t..\..Cd in rilt.•-:-h 

l..Jq::rr ~U-4-ntrty; the~ ;,:~c the tJcrn--;,IJ\C"~ ,,( ,,.....,;r:na)JJinc lmcth~J\y.lminot.cnJcnc). 

¥>hich 10 \.("lr:rJI form\ .:uc unp•>rtant cl~c intcran<Ja;.,.tr l·hcrr.&C.ilh. 1 hc'c maj:hl 

cnn\!cn"-(" in 01pp1,.)p11~1r t!i'H'\O!nc-nh m~u 10<- Lhn\Jn \1tUl·tt:rc nuou.-h 'Q').' tlf 
rnclh) IJmanr I h~ '"" llll!lnlcn:\. l' ould J'H''hJ:hl) tx- ~..:J.du:. 

2 croD I 
0 ..0-

Although lhT\ rcJl,ll.ln a ~1,\l~lc, "'' unltlch 0<-<..~U'-< 1~ .&mH)('" ,:rcH:r ''"''Y.hl!) 
b-.1und h., lhc txn~t·nc 11;~~- Ar~ltnophcnt)h or ~rmd.t.r ("omp<'Un<h .otrc nl•t lrldy 
~our en ,,f di ... n.•n ,,:ontJ.nl•IIAfton. 

[)10:\1.\'S 1:-\ I'ARTICTLATl AIR E\IISSIOSS 
FIW.\1 CO\IBl STIO.\' ~Ol.'HI.'ES 

_J.\e'-Yn! rrport~ t:y Ch<m•'l" ..tl th( (}..)"" (1Hmre.al Ct'IT:J"\,Jn) Ol.lantJII'I thJI dr.•nt'\ 

(urm~tiO:l I\ 1 n;r:vr~J (On~\ll:c:ncc or t:vmhu.tlo)l"\ f(}t.l ... I~JK). 1 h((C I" 
I ~1 

I 
J 

i 
f<:.t..'fiii.d;;s;i;;-:..:t.);.,r;·~41i~~J.C'~··'<dJ":.:-:,;~~~~~...:.,:..~~~~"'u..:......:.,...,:.._~.._, .. .J 
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nunlCflH.i\ 1J.Jiun1fly C"'\."~o.·urnn~ l."on;pvur...t!' !h:tl ... ~uld, dutir.)! tl:(" co:npic:~. puh"t:\\ 

(•f CLliObl.htltl!l, ')(.'(\C :u. rrr(Uf~'"H\ til J.\..1\!l:"\.(..,trr.t.4.afhtn of l!t<-.< f.ll1;"lp\1dn\.f~IO 
the rrC\cn;·r ,,f ch!urmc-<•.l~I'!~IO( O:Hnlr-•><lnd' IC t. I >I) I <<I rnh \In\ I dli<HIJC' 
l"LitJIJ k.1J lll lht" fnrmJIH)fl ol! 4."!\lcl(,;')Jf:l~ ,j,.__nlr:\. 1 X.lnlpk\ ttf \IJ\.'~ r...J1Ura:ly 

lt-·(l."U!IlnJ: -pui(OikJI .. Ji,_l.\H': rrr(Uf\t"",!\ :a.rc ~:\en Ultl~ 

CC
OH 

~ 
0H 

~OH 

L_(OCH~ 
!.} 

tll'l:ll -~1! IIH It[ 

(,_,It!, !C\: •f' -----

Clt(.:hol 1 ~~occur> in OJturc II> the proJc:ct ,11 phenol b~<hk~rzd>!l<lll ,\ll,f "' ~ 
11\..ljOf pr p.J u:l llf tA nn:n r~ rr,!~ )11 (\\'crt h~tll\ l·;~tJ J. ( iu.u;~o."tll ( ~~) ,,, .. c..\H'I. ,)\ I hc
n\ .. JJI'If phcnt~!l\.· t,;;lmpnocnt rn '-C\CrJi h.arJ".th\.d t;'-'"0 ill\;.1 :"' .ti~u jUo..""p:..tcJ 
~~nthrt..:dlJ_,·fnru><:M30in~:cJtonlln,-._,llf'O')fVf''f\IC1cL J<;-;x: :· S Fl'-\ llr.•lr 
Jq'Q~. Adrrn.:sl:nc &~JJ H' n.-lur~!l~ c.'-C'l'tJtnn~ rnlrr.mah:.n luH,u,tr.c .-:..r"! t\ ;.t ... .._-,. 
prcf'--!t:-d '1.\flth.::k-~il~ fol u~ rn m.:n\) Jr'-=J.Ion-;-.~..;lillllf"h C t:.s f t• \ Pr~~:r ii/7'1~ 
(}:~::• :1JtL.:t.l;r~ ~'\.;..L'lrl:""rf ,·,,r::r-:"r· .... "'-.:! .. if!..!! ,·,,r,•.lll:·l~a· ur!t-.,)J,•.Jr,:\'. ,.,~ ... ~)_-.,,~ 
!!r•~u~• r~du<.!c \A~.1i:1n l~)J. \lhtch 1~ the t/.;,lOTll~~ ln~:t:J:,nl 111 \ln,:J..t C!\fi~1:t. 
\1 (!h hh l: t _:(',). ,l ll\1 "UfC" nJ (.'tl mr ,)ll ttl!) 1 h..cJ t .3T': thC" ,._, \ ~ \.~tln~t!t lh""'r.l' ,,l P"'-·'"Pn I'• ~-. 

CU~(";l('' 4[1). l!'x: Pulit---::'lil rnnl."Jfl:C l)! dtl\C\: .. -;:tp\.aJt:ln (~} lh< puurcnl j\IHk.·,rlc 

t\r \ ~ flOU_\ rcpf"<f\; d nJ (J lro!~ i ;~ J. I h< IIUJ\1( \ :llJttfC ~,1n,1 I{ tJC"OI .o: '-·h\.;.irA,, 

01() OH OH 

~ O:OH !YOOi) 
~~ '(/'- R . oa-+. 

D ~~Hn OH n ~"'~ 
u • c~~ p 

IH.tl~lll n·:;·~~ 
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"'monr, 1!\~ny rl.rl ~lb!oiJ11h>l incluJc I~ IIIU<"IUI( 1/C 1~1p1nc 1.~). j:llunnc 

011, ~nd cokhtnnc 1!;1. n·.t,rr )H>\<:H<>I '~''"'" r~<Cill'"'' ~IC luunJ t.1 the 

(,-;:1\CCIII (,!_)) l-CIJC) of •ull!li:>IIO. rroJ~<CO h) 2 Jun.u•. zr,<f ;d.u In 01:r ;lj (~ 
~1.'11\C •n~t\·Jrc,,~, l)f c.·rcth•la. 

1\ rorl\tttvcnl oi ~'111rhA! unr:c u ..l-,,\droty·~·cnrtho.l\mlnt1clrc acnt {~tcr..-l 

lndn. i·n:'\). :\,r.,·c \he ~\fllr."1urc , ... \\'I l'1ln m''n 1:1 :r\tnt tHf::.lJ\:,m,,l\ h :shtl ~'1\rn 

u:.c-d 11~ Hntt1ctr~ r.1c·Jrnr...J.I COII\fhtUrl<h, .nt:iuJ,nt, ph.:r.t\.-t•n•tHC, ''orr,Jt(tcru.JI. 

o~il !.Jn .. n .. c-,thtlu,:J. nlclhocUh.;tnnl. •nd the h:)'~i-\tllun~c Jru~' J(U~dc.nc,tn An<J 

nxlh~I<J,,p.. (t:.S. l:nlll<>nmcniJI I'Ttlln:l~<'n ''><r.r\ J'/1~) 

u 
~ 

u 
10.! {It 

I 

CH:J 

At k~u ()-{1(' ~tur:.tl ('n,1p-,)uo-J rru~ hoc b'\ ll,;:lf ~ f"IKur,~H t,H ~ ~.·n!.._,r,n...:.Tc-4.1 

J,u\rn . . \ m,.,-,,wllt.lnt'm 'f'<'"-"JC" .. ·real" a '-'cfc:"n'''' d·Kmn·~l llhll'n ;t' 

.Jr'''"r"' li:11 A t ~ I . .I;•·Ol<lh"" lclr><"hh><••rh<nlllil .qc;d lr,Jn I <t7;q ) n ''"''"~ 
1f !o."nvi_J. v.~(r. h,·.;211N. h•rm .a ~Uth.!11UIC'J h\t.h~,,~ tH ffi.('\ho\y,·hl,~t:n..l~·J duJ\tn. 

u•'< r•h'•btld) ,lJ -.h.c:h ...... 

-- .CJ 0*: 00~ 
.. I . + 2 HO 

Oi. 0 h Cl 

Cl Cl 

I 
\ 

.. . 
.

. :·~ 
~-. ~- ! 

·_ . :.. . -- ,:.-: .. ·,-,~. --·. ,.::..~.·,:."~~-~-~: .. · .. _ ....... -.. -·_;_· ... -....... ~~-A 
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S<'\CIJI ~Cpufll .fc.,.·IIIK I~C o'<.CIIf!cna uf Jill\10\ 111 0\·>\h~H<.J 0•1< j:H<"I from 
mu:l:t·,p....: ·n~·~~•tr.Jrur' Jr.J JnJ,I\Ir!J: h<JttaF IJl"dt:Jn I;, 1'1~?. Jr-Ji~\, .. ur \.Jr.~p:C"\ 

of f1_,· .nh fl,~rn lhu·c lt,~n,;q,J\l~h."l:lC~.lH'.f1 ~:":the 'rt!tC'tbnJ"t \)-H,.,.CQ 1-; t.Lflcrrnt 

<l"''"'' () I("()))\.' 0n1J·Cilll\. ~ hC\.<·Cllll".. ~ hrpl>·Cilll·,. 0<-...l OC!l1>1 
t{l:,c. \'r-uncuk11. o~nd ;(LJ:t.n;.:rr I'll;~; ~t:hii'J}!~ the 'r<·u(,( nur:-lh<t ._,f 1\t\:-:-lt'f' 

·.~r.l' 011( 'LliCJ, 1 h(' 'hJ II\(' Jt\1 \1(1\ \'PC tound In Jlu...- f .J\ ft•J:-1\ ilO.o:' \\f t h< 'r."·anrr .l!Or-. 

In JJJ11111n.IJ!J.,:C' tmttJJnl-. nl Jr-. lf_l·. lr.d.l~tr.ichl•)f .. lfdtt"r:ttl\ ~err 1(1unJ H"J fh.~c 

~.a'-:' . .11.J ht_L"h 1Prh ul rhl.trttb-.·nJ-:-nc,. r;-,pc~.·,.,~,i_, ht"\o~c:lt,,,oN:ntcnc. ""'nc 
tl:;lc~.·cC'lJ on aU fl~ J~:\ u~p:(, 

An,,! her ICJ1f11t:l 1n'r'tt~~hH\ rcr-o.•rtrJ '•nJtf:~ tt".\ '.xmc datl\111\ 10 S~o~~tiJCriZI.nJ 

( !lu,n ... r.u \--i\"'hJI..!t l"J~J(l ( hn 't~..:.J, c...ju.:.rtdJti\C'i\ ~h.-c-::,tntncJ th~~ the 'HI;,..\ 

~HTl1111r.t ,,1 rnl~t../l!,,rttl-'lcd •lll"'<ll/tl·f•--d•o\lll' 1r. I he~~~ .otd1 frnm .a\-...."' tllllnl\.'l(lJI 

Pl(lllriY·•r ,,:~J lh;!:J,;nJ! ~(.lllnJ-."b\.·.;ht~ \l,~r~..·O ~ rrm ;,.nJ u to rPitl,l('tr<•·:lnrl~· 
({,~h-fC,t\fUIInn ~U\ (l\Cl~I.Ul~~~!:..fl~~ Y.l) \h-en. U-.c;-<~ (<,.\ H!nud~ .\\ ~f'<'\.'lh~ t!HH.H\ 

,,,lmcr, h•unJ 10 :h.: th d,;, '.\mp~ ( 1}-C' J,:,\1111\4\fr::n lnln..,n t\l h't" ;uo·.t tu.\w.,: • 
.... t .. .:h Jtr : . .l.;_li-IC!lll. 1.:.\.;j.p<no;·Cilll. 1.~. ;_~.;-~. ~nd 1 . .:'...1.7.X.'I·Io<u· 

Cf>[). \olo.Clt:' o .. h m•11o1 l'IJ'hlttucl•ls t•l tt"-c ~tHJI d•<Hinl Jl,unu 

I ~lrr '" )Q?X. '""''·hrr> "' f},n; l"hCilllc>l C:'~"f"'OI •cr>oll..-.i f,oJ•nt rrh 
k\-ch (. ch\\l::~;l\_t:J ~a'\ I!\\ II\ p:..fih:c\.uc m..1l~t'r Hom Alt. nnr'·~hHl,.t'\ \\lon 
inOu\Hltl rdu'..C Jn~·ln('r.Jt,,t\. ~~ IPn-d·f'.iC!.t:-tf p<l"'"rrhl'u~c ~1nt.f olh<r Ctilll~U!-IIl'~n 
!'.lhJ "-.'" 'tK. h ~ • ).;:J:"Pll.n-c J nd rl ;c··HIIt Ulth ,;s nd t r uc l '· t \4 o f urpll'-"'n. ~ ,·f,.;a rt."ti.Oll flll!. 
.:a r"\.J f•r~ rei 1c1. ( Xc J ~b~ ~ I "II f\l 1 h-:-:c \~lun-c' arc h<!1n cd to he lo...·.ltcd on (H 

n('.Jf 1h.:- l>o .... h~~;,:,~."' tn \hJl..tnJ. \1~<.:l.li:.l!1. lc!rA·. h<'\~-. h:-rr .. -. ,::;ntJ 
,·n..\o.ch~t~IO'Jif\\\11\. \I..C"f~ ((t'Jn:.! c_\'I:'\((1Ht;)(h\n\ ,.,, ~.\7.)(. t CD_() \lrC'I_r n'\.tnnr 

lt"Llll\( :o l·,"'r..:.·rnlt.al•~·li' .ol•llh-\1 daH,r,, P-0"' ronL.·]u,JcJ Jrt1m th(' \I~\ tt-~t 

t h:: 1 r ~ itJ I~ nJ LA._., :111 \I. :n l1t:! .1. nt-:·.1-. Uf.l blc \oor·:::- c•( t hr 0 n' J.. i:H t o-u n-J t" t ,,,.._ 1 ~tl'nJ 

r~r Jl M r t\ cr, ! .... d :t-ut. '·' ll:~.·:. t ~.;~,f:n)~cJ Jr~-<.'li/ \'~-- ,'~.._•,:\' :n, r.1.s ~ he ul•;-,:~1h,:...\ m 
(O!!"':l'lu•!.n~ t·lt\:,.·n ..... "' -\ p1:-~,~:r::.tl\ J.1tJ A•-.J}y\1!\ !'>\·I he f PA t.lt""' r.\•t cr.ltrrh 

.t)l.JCt: ..... :\h '.'L·n• · .. ,.-~,n-;!\i'O\}~' 1 h~: l.l'•\ cnn~awn. \\l ~cl~\c th:lt IJ')~ \ ~ho~,Jl.,.nd 

{ti.:r: at I'- I h~· f) ·:.t ,,,( a ;.J r ~h\!h!~ l_hr onJ~ \t'~fCC' •If the t.Jiil.\Hl\ .(ltOI.I mtru II 0)~ (I '-h ttl 

nc~rh) r. 1CI \ f 1-tr I· J'-\ h.h =:: ~ -::·.4 Jl,l"" ftH luTthcr riAl II r<~C1t10 ''! tt\(' cnmp.tn~··, 

l1nJ•n~-. at~<! ;,,wht'-(J! rxtl~,,...j, (\t~·t~:"fl:.!;.z 11/~I.JJ. · 

In ~-,,,,,u,l t~.J tht' p .... ,. l•r:UPl£ nl \~ pj>b l("J){)\ ut ri'"'rrhoc"o-(" rm''-"'lt'll' .. 
~\l.l~k ~lh1 (~It}".\ { l%:.1) ltp-.\r\ \··n·Jlr;f- fiU t CD{)'\ Hl n~ .&\h lHHn. l~pt:;.ll 

C\.'n1nlfr.:-ul l<...,l-furJ ~1\:tCf pi.Jn1 tn C.i2ll!•llnl.:;.lhl" JCIC'('l•tlfll:rott "•' f.~ rf'l. 
Crt.!mJnclt ,,( J)~.,~ Cl.c_ril•f'"J.Il.«lnlf'l'•\ "'~tl\ 1h..J1 lh\'{ 'luJ,c-·.'c,\ukf not h.nc 
(,,.,,~! 2.l.).f.ff."llll lo ~·rfC-<nl he.:~~..- lhr "'hrnl> u...-<l for the nll~rt~<.>n 
ln·t;n-cjUC\. Jn P'fl'r•tr;IIVO !tll I he ~h&!Uw.'~l ..Cfl.JJ\'1\ \lloC"I( Ottf arptllrrut(' 

I;; 1·1'\.!.J ~-rt~hl S.b:\c l'11nrntt' ~-~~mt\t) ~r1.1l!rqj cm""'1nru fr,,,n a r.s. 
~ur."<-tr.l..ll tru.·,ncr .ttnr (\ll cM-t•rtu..!w\P'H {I t<"ttun ~nJ IA\ItH lqi.U~ l C Ill)", ""ere 
,tctn·,!J ,.., ~u "-{'~cn_'-.lmpk"'l. r,_\•:n;-r·"'i""t.'tfa:: .sn.tt~f'l-0 u~~ .. hc;.~:{ Ut.31 ~.J.1.1l-l ('[){) 
r\ ~ m,.-,nr i'' n.Jn,"\~ i1or.~ "'"''~c~·c ,. ~·. \\~OJ\ntd Jt,, '~c rrc"<n\:t ,.,, l.}.f'I.Jr. .• I J.: ."~·~ 
J..l.i.'\ .. :.,,f._;., .1r.d )( kh! \1\ fllh171 fCPP l\lllnCn 

lhr for:n>I>On uf ~'"";"{rum 1!-u: t:-.c-rrru>' d«:~>mpo.>\\lk>-1> nf <-hloropt-<n.ol\ 
.And th.<:r u:t, l\hhH .. )'h<-r •• t-:·•d I\ .... dl do ... ·unl{'ntcJ In l(J:I. "-tdn<." ccpottn! 
far11J1n;: n.) {\\.._•cncr (,1 /.lii:L,1ft<.•.r. (d ln""C'f t'_hlnrtrulcd J1ot..lln fr•Jm the lhctm~l 
CcnH~f'VHIIIln 0: J•cflk,tnphcri\d\~ ;,/I \J\ d:[hl{'r"r-~ni•l U1\mcr' ... rrc '\lUcJ1.:J. 

Hn\.loC\Cl. t\nl!lnC ( fV7_\) filtJnJ lhdt r~roJp" of ~ .. l.-l.b-1rtr .. chloll~ph.CnJfC 
rroJlKrd I"" 1>..:: ll·t I lli '""'"""· I Air I. Siehl r1 •I !1'11_1} l<•l!nll tll.t hurn·n~ 
1'-'f<l trrAicJ "''h ••~•urn ~n!.rhl,•r"rh.·n>l< pr.-.Ju·:cd OCI lll. ""I hur:-"'1 
Cll~.l'l' ..... t''-\'<1 tiC PJr.:flfc•IC"d ._;:h r<n:.(h!tlfllphrn~,, da1 0(•( rrndu<:r I he dhl\.IM 

II'\ J Y; ~. J U"T IC"\ ul P.\ r ul~ \1\ c 'r< r tfl\rnh ".u t.'tln.J u~·tcd _v.11 h ~ . .l . ..t-. : . .l. ~-.: .~. ~
'-tkl ~--~.'Fill.~- ' . .1.~~~ 1_\.h- .:tnJ : .. t.J_,...I(ttJ . .':InJ l'<'•'l .... ,h:n_rPphct;~lc\tPPf'\,J,!l 

umrtt"'"') td nun\ leliA·, f'<:'ll.;l·. hCl.l·. Jr'ld tlo!.-iJ·('J)il\ )Pt \lt:J.\ lt1U\(( )~7'-t :n 

~~7],! .\.1.~.)('1\)) -.~·, !vu04 a· 1 (1\!l\(\U..,thln r'l\-..j\-.J..'ll\{ rn.Jr,y ~--~-~·\ll(f,k~fO
rh{fl~l\\ (Onlr<"IUOJ\, ~:Jt fhC liO.t)Ufl! ,l{ I hit tJHJ\Jfl •4\ \('[~ '\nt"lli td.1.t1\( to I h.:' 
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~1"r't~~.!\\4\"n,.,.,.....,..~~---,..--.......... __ ,.. _________ ,_ .. __ . ··- --·----... --·- ,, ·- ...... __ ... .,:._, ___ ...... --·-·--·-·· -----~-·-- ,_ .. ____ .. __ .. ____ ............ ---·--··-··-- ... --. 

Du:.t .,JI,r":p~_., frOm Dow 

rt''!uch Outldn'.IJ 

$,~(nnd dvs.~ rrorn 
J.A,di.:'nd .1M n\.{\UU.6'""'-l!. 

5od Jf'ld dv•~ fqlm 

IT'IIJO' r'T'\o#1,f0 ttto:• 

S_orl •.l"d dvt.l fr~m 
otbon JFfl' 

Se<lond rb•t l1om 
rt.~ral a,., 

.DtrW ffft(IO~ty t.ztt 

tn"e•rHtt#l'1t t''tlt11Cvl.1~e'l 

Ct........., ·tn!a,.y ~,\to'\ tnr:,r,J!t•!~f. 

Y..:.1h \U~pfe":"~'"'tl'r lu-t:· 

TABLE 20. DIOXli<S II< !'-ELECTED SAMPLES' 
(p;:>b 6XCttrtt &.~ Mled} ----------·--- -· ····--·----------·-····- --- ·-- ---··---· -----·-

-coo·, 

2.J.7.~-rcoo 
01~"' 

TCDD lt-OrT-...r& 

0 J 100 0 B ·In 

0 7 ° ~ 6 0 s -~ J 

0 C)J-0 ~ 

0~ 003 

no no none 

"""• f'OMO 

"01\e nun~ 

noM none"! 

Hou COO'o 

7' 181) 

9 -JS 

0 09 0 4 

007-0.14 

0 03-1 2 

:'\nl"\1!' 

1-20 

.4-5 0 

~~ 

OCOO 

JO 3)~1 49f.). w ~00 

1 ~0- I 7(0 liY.l 7 !;.00 

03 J 9 0~ J 1 

01~ 3 J !.1 J~ '21 

0035-15 . 0 ()5. 2 0 

0 01 0 ():) 0 10-0 J;, 

27-100 19o-~-:o 

4. It 0 :J ('!>') 

~ 

• -... -· .. ~ 
' ' '., 

I :.t 

-·, 
I 

'I 
I 

. ~tl 
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TAOL€ 20, (con:•nu~d) 

0-vV\ !O{.Ofy \ol,n lf'l~·.IIU'I:l~",..f' 
._...,,,r,..,··.Jt ,~:,pl•rr'~"''oty r.. .. ~t 

() •• ~ ,.,, ......... -.nt~(}\114' ,,,,,j ""''''·,, 
f., ... , (.lll: C,<.r.&l 

_l,ulf.'f'nO!:u:.,• 

t:.lt41Y'tiC · l'lftxltt 

C JI!AI~11C .. I.., 'f 

fl?.'l":et:at,1o< 

dt('!\~1 tTv(ll..t, 

t":t a-•~:1t•al olactrn~tet\C 

P.,f'C:IPttDt~ 

f'•r11('VIat•\ fron1 tQIIHY ~rln 

C'"::rvt.Jt-.r wo:(', Wf(h 

s.cOQie"T\\~nu: f..;nl 

w,t";o•JI ''·'r-P'tr"'":"'l~el f•.""l"l 

(~..()r'lfln;Je-d1 

rcoo·, 

:7.J.7,8-TCOO 

1 10 61:XJ 

0 1 

0 0 

0!~·· 
Tcno 't~~·n-

2500 

1 B•.Y.J- 11 ')')0 

JO 

0 1 
~ () 

' (l 
10 0 

(j 2 7 

0 4:) 

.. ':::.u,,.,.,,l • .,:., ... ·, .• ,, "·~· ... ,._. .. ~ ... ;.~.- '··· ..... ·~~-;:. •·'"•··-~.,,,,ho,· ..... , ... ,. ,, ..• , .... ,. •·· •.,,, ... ., ........ , ..... , ............ ~,······ ....... :·~ ........ - ... ". 

05 20 
() 7 

no"-'! 

JT 

01J 3 l' 

~ 2 eo 

r.c .... ,_ 

J~ 

700 

l-'IX 

. ...... ·'- '.,~ ., . 

1 

,) 
•I 

OCOO 

1 ! 4 a 7~ 

J :a 
J 10 16 

J~ 110 1 c>O 1tl:l 

0 G7 IG o a? ~~ 

0 5 ·3 0 lP.- !>() 
,, 

::1-7 !:> 79 -., 
4 :Y J ,,1~ 

~70 .~():.) 

~C.C>:XJ n:x:>O 

, ........... ·.·"··.r .. • ., 
j ., 

' 
'~ .... ~.-::. ···-··1. 
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TABLE'20. (conronu~<l) 
------------··--··-

TCDfYo 

S o-vrc.. 2.J.7.8·TCDO 
Orh$r 

TCDO l:<>~rt Hopla·CDD't 0CDO 
--------~-------·····-- ... ·-----------··--·-... ;.;..,,, -··----· ... ·-----------··---------------

f.ut"itod '-<:ru~r W!lt•r 0 OO}M 0 ()()5 0 02~ o c~c 

C<.""ji•"'H.J tower ret.•du~t-J B 50 10 , 2. 2 !j 

St'....,t"l. """c>fG~rS t.cfo," rrr~:mer.t '-4 /IA 0 NA' 
( '=·C.H'I(.~ nlr 41 hC>n pOll 

-·---·-------·------------------·----··--······· --·------·- --·--· ----· ,,,, ______ , ... ,-----·--··------··---·---··-···--... ,, ... ____ N _____________ .,. ______ ,,_,,,,,,, ,,,,,, •••• ,, _____ _ 

t .... So•Jtc• 0...,._ C,:,..,.,_.,.,: CO""~n't 1' 1!. 
b···N A ,. l'\oO! liPC"'<•t'''" ' 
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' 

1 ., 
! 
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·P~r~......------ ----- __ -·· 

.1mounl ,~\ t:':c ~.J..~-tn(h\o1\1phtni)'Y (()tnpt~unJ \h.!l """' hur~C'lJ \Stch\ ;\nt\ 

L.10\rJ!\ll )Vi:). Rc,ull\ t~f (.'",(' '\[UJ~ \hl•""C'd th.!l &Hlh r .• : l 1!:-~ ,,, ~' In·· 

J-<rl·rnl ~! . ..., :1ft:1 11: tile ~-~-"~-tnddurl'rhcnt'') }~Oc..~ ..... -,., Ol,l\r:'fl(J (O 2.J.: :-.-
1 ("}) 1 ~ p, l'(•I\I~IIJ'>:a1/\ 

J h(' \\li~JI1 ,,f 0~ c.h1\t:1.\ t:l llfhOC:1C {'J.flh:LdJ(C\ (t,llll (.Offit'tll\if\Hl i\ fUI( yet 
.;UrtitCI1 ~.:q·r< ll ..tl. ( IY~.i~ \ll,II~C-.t lh.:n rvh·rhlvnn.:..::<.J dttxg,,,._,.,~;,,,,,,, r~n l"'C' 
l<llft\Cd ~..!ttn~ ;(U!H'lU\!I•HI ny J.nXCI/.IIIt\0 of rt'.l,Htlph('n:11l'\, by t..ft .. 'l"'iollnlltl"'O 

o( OH'!C ,:~,!~'lt!~.:a.tcJ f'\"11\c.:i'.Lh\t\.Hc.J Jth-:r.l'.l·J•·dHl\.tn,, anJ h" .:-\...:!:t:Jtl('l\ ,,r 
prcJnl\ilh. p., ... \ hc:r11~·o(l Co:11p.trt\ ( 1 117~) \U~¥-=:..:' thJt ~·l;.;w.:· ,,: li'.c l.."•'n•pfc\ 
rutu:c o! th( r.utrtF,Ih hnn~ tnHnr•l J~:u.l lhc ,;om~:.;:.. \·h\.·ll,.,lth'' ''' l:fC. II'H' 

!~.~rfl'l-"~h~a \,f ,·n!\)fHi:l~cJ li1u.\1n> tlo('('\JT\ m <!B t"un\bu'~~ ... n p~t~L·C:··•·O:\. u:. :1\,,t th::
:.'o•:;~trur• lj n~d :"':.;.·..:cn:!rll! lin::tcJ (~' t..'l~nlbU'ilh.);, i~ lh: J"lt',~lh,.'C l)f 

d! r~Ht.·~ h C'O..lle'\ nr \ . ." 1110' ~) r~( 1\1}:.,. I he rrC\.(" n~·c·(l( bl~l; \ n! b::~licJ (l,~lr•I\JilJ \ \lo 11 h 
ch.lt.Jl"'!'fl\.;1~,."" ,,f ,i,:.•.\1~ p ·t"~UIHH\ m.a) F•\C' \lllf:~ (IClh~n~c ,,. th·t, ... ~,1:1\cntH)t: 

:\n ~~l~fflJit\"(' C\!"'':l/UI.tlr. l1':" the oh....cncJ prc,cn ... ·c l\[ JIP.\11\:\ In lhC" Jl~ .:1\h nf 
r(('J~C IUI..I!l.:-(JI,,f\ t'l (/"l.:;t If\•: JJ,\.\111.\ enter IOI.Ji,'l ::s.~ COOIJIIII0:\1\:~ tit 1!'1 ... • \\..1\IC\ 

b:w~ ~ur nn.J I· ~·r c .\ ... 1:1rl:-. "h c ,., rc•tcJ p.r.·n\ r.lrp;unt!l .. \...I"' Ju>l f•r utht·r h .hte' 

trnm I'CI'·<rc.,tcti "'""' (:>"J~•r< ll!nl'><:r. uolrnctJ llol. "'>J -r~opl\- I'CI'. 
\1hc.'i.. '-'r ct1hcr fY."''l· .• tc ,·,H!IJJ')\.""t'l lf(ltn hl'llh.' t'r •nJu~tr1JI U\C lnt}!hl b.c JI~Cl'l 
\ltUI\0 ,d the •!11:\•n, fJctcch·J •n f'lUn;'-·'r).JI •n~·m,·r~hlr Jl .. ' ;:s,h. !J 1h1\ \l.rrc I he 
t..":l,<. ~.:v •. •r •. :\1 ''"\:.st>~.•n, ti\ t1y """" Jtu\\n C\HH\"1\t "l'tdJ b< C.\pc\.'~\d, u.tth bqcr 

:unounh Hl 'P''"";.~ aM 1un;mcr. 

In i~~- :t \.1...1' ll.:p.:qt{J l~1.,,.t 'l'l'\.tf\ I\ .1n tntpi.,.Jltl~ :n the l'lCp..JfJlt:'l:l ;.f 
r...,,\qthCI\\:cnc l'I~C:''!. (('ll\. \\ flf.hl. ~H\J \\'tl~hl 1~1\.~: \;n ll"j>tlth fl:rthCJ 

,l.rh\t.ltii'.Jllil~ llu ... llr . .J:~t: nrc lntnul. -I'P0-1\ .l lr~t!C"tn-Ml 0: CcncrJll kllri~.· 
Ct\f'llplr.'. h•: =». roi~~~~ ... ·:-.~h:!'.t' \h('ftiH';';il">h{ J..:t\\.\"\j \:,tin ~-~-..!:r..~:~\\!rh:n~\1 

{ H;, ~:c.\ l 'J 7 It l ~;.:- :1 '·'' 1.~ "t•t1i :;.:•~r ;,;I "'·1 .}.1( "o-uJ..: c ~ f'<t"l II om ..:;mJc,l .. J t 101~ :A 
rh~ u,nrcltl~trh<n~ . .-lt, ;~, f,,!lp...,~· 

r OH 

~oi) 2 
H3c'Oc", ----- + 2 C.'H_. 

0 ~ 

J c~ 

f\<'C":IU"C PPO 1\ n,J::h!\ 1("\.hlJiil ((J ;ariJ\, ~I\("\. l~r1cr~~·nt\, JirJ h~Jr,,h\1,_ ll 
fT'....lY h< \1-.CJ 'h h\''r;t.s{ 11\J lv~H.Ih>ty CI,JUtpHK:IL J.:'\J lfl pUt1tf' h\lU,H1p. 

;.,~;::!!":!". r'f'<"'· \JI\~..,. and Tdt1n_s:\ an lh< chcmt\"Jl ~:"'J ft'lx1 ;nJu,Jttn 

DI0.\1'\S l'HOIH'Cf f) FOH IH:Sf:Al<CII !Tl<l'OSI:S 

\far.) lr'I\C"!1fJI0f\ h.Hr lCf"''riC'J the: \,.(\U(CC\ 11( rt.:.Jf_l,itt";J ~11.1\lfl \(.J:"'dJtth U,CJ 

1n r hnr \I ud:C'\· .. \(lfllC "' r hC',<" ,!111 \1!1 \tJUt\.P J 11d 1~ ,_1.1:r(", ,,: I Me J.tll \Ill.\ rru .... tJ~:J 

>tt l"1nl '" I ~t>k ~I. 
In .. JJ•IJt.lO l~llh('\C', l>,l'jl, ('h(ffiK.'.ll Cllnlp.tn,:. h.n 1("\."Cnll_:. r:•h~!Xh~,·J lnltth,l-~oh 

t.•r rtcr~nn~ otll "' ri;< I Cl>l> '"''""" 1 \<''"'l. I ""'P""lt. JnJ ""~I 1>1'~1 

.·. -:.\~ 

J 

) 
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TABLE M. PRODUCER~ OF PESTICIDE CHEMICALS. 

B:leNJo 

2.4-DB tn.d 1..tl:1 

_... .. ------

.Jri:-. 

CLASSES I AND II 

C,_.,..:•l ln~ocod<o 

C01p 

Cloempa< · 

D~m¢n<~ Sh•rntock 
Dow 
Ft:lcl·Llt\kro 
Gu:h Ct>em. 
l~t~l 

~.11.- Cl'>e'Tl. 
'-l~nll.l 

PBl·Go<O..'<> 
Rhe>~ 

Ri...,~~ 

T '>o ~''"""' C 1'\ffn. 
T /><>m(">>o'\ · ~ ywu d 
Trl"''t'w"A&I 
WOV<lOVI'f 

JJO 

Bould.<. CO' 
1-l•u~:v<:l CT' 

Arnl>l••. PA 

r r •mont CA 
St Jvsopt\. MO 
M•tuct>.on. 1-l..J' 

PO<ti•M. 0!\' 
Nowa,")... k.J' 
~«ll•r>d. Ml 

Tu"3k>05o. Al 
Hot:J~. ll' 
Sr-..na~h.IA 
Whllol()f':l.l-Cf'' 

~~·r:\... M,..• 

Kll>!,. Cory. 11.5 
k r.a,...~ Cny ~0· 
l':>:tlo.'\ll. 011 

~~ Jo•01>h. MO 
~r. Pour. MN' 
e-.,.,.,po H;~ll. IL 

St Louot. MO' 
Kar~su Coty. II.$ 

J•t:• k>nV111t. A.A 
Orblr>do. Fl' 

Amt>lff. PA 

N. K.ans.u Coty, MO' 
Pcn~r.ct OR 
St ..x-pt>. l.r.<"J 
St Ptul. M->1' 

Wtr.,..•. NJ' 

CN!Iuton. SC' 
Mr. ~••N. lN' 

.~ .. mt>hlr. PA • 

Fre<roO'll. CA' . / 
u..O.n. t1)' v . 
St Jou~·· ~o· 

i 

i 
I 

: - ·~· - .~1 . :.::J 
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TABLE A6. (continu!'dl 

==================~== 
o-nka.l 

--------------~-

2.4-01' 

[t~ 

tWWc 20 

PontJchtv.'ophen<J {P(P} er>d 

•nd ola 

2.4.5-T •"" -.-ers 11"\d ~~~• 
(Con!YIVOOO) 

' '·-

Rohm ~Hut 

[l•o-w 

M•rd 
Mon._.nto 
Ret<hhol<i 

~!c<dC~I 

v~ l.lotena~ 

(}.>,-, 

G~t. C~moc-~1 

•. HI,-,Hto• ()nY' 

Rowr C.. to 
Tl.cfnP>oOn·~rw".:l 

--Trll\lYUI 

D••mond Sllamr;xt 
Dew 
G~~t.,~.cet 

H••cvt.~ 

Mrllmu:•r Qny>. 

~-Go:do<l 

Rrv-trd&:. 

~r>to<> o-. .. ...-..ut 
T~·H;ywjrd 
Tr~ns•ul 

HI 

lmdef\. NJ' V-
1:--.,\rtutt and S::>u\1\ 

Cr.•rl~s1o.1. \\Ar 

P<><t!•:-.<!. 011 
-">C~!OO<'.-.Ile, I<R 

Mr-l,.~ Ml' 

Cithon.NJ ~ 
Clth"". kJ 

..__.,./ 

Mr<3l•n4. Mi ,/ 
H~Ywtnot""-. NJ' L---""'" 
Sa~t.ll 

l&CO<t\6. WA.. 
Pt>~l Ne-ch~. lX' 
W.m.u,I(S 

Mo<:4nd, I.AI 
1-ltll'l<~ ll' _/ 
Ber~~~ HQts.. NJ' ~ 
Cl'-..ouoQO ~u. r..._ 
'-•"!.<> • c'''· ,: s 
J .v.k"" ,.,~u •. AA 

~t>l<ot. PI\ 
1-frmont. CA 

SJ.~pi\.MO 

~IUC"-'. NJ' 

Po<-ua nd.. OR • 

~>W> .......... JIJ• 

~nd.MI 

Hoi1JJ6<1. ll' 

ffrunswd.. uA• / 
S.,.Lol<ty H;jtL. NJ' V 
IC:.ai'U\ C.ty_ .:s 
Cl\oul <JO kqi s . ll 
St lcu•1. !.At)' 

.:anl.ll C•tr • .:s 

.~Jt<:loo ,..., u. . AA 

f 
J 
( , 
1 
I 

! 

.i 
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~ 

YA£1lE All. lcontinu~.:IJ 

2.-'.~·TIXhlor~>l 
•. ood Btls 

OCPA 

O.nrtrobu1y'c.~. 

1mr~v.n ult 

4.6 ·Drn>trcH•-ct ... o! at>d 
'-Odtur!l uti 

______ .. p ___ _ 

Pnxlv<:H 

C~rr.cel ~od.l 
Cc.rp_ 

0>1 IT'N"-d Sl\.lmr:>ct 
C-:-.. 
GAF 
Ht><CLHS 

H<X>Ur 

" £~""'" Fl>a-IT"I.><y 
lr1~vul 

t.~urtto 

R<! oc ht\o.l d 

~ 

Rho<N 

s~~ 

Ciobm;;u .o S tw"" oco. 

O,..mond Sh.&mrod 

Ac.-10 

FMC 
un .. oytl 

0.0..... 

~~ueo 

A.~ 

RI'IO<M 

~ 

"'•ntrU 
0.. monel Sl\.l mrod 
Dow 
Fal~-l.lr>tlo 

GuthC~oe.a' 
Moo~ruo 

Rhodo.a 

JJ2 

"'•-•t. NJ' 
Mr11arod. ~~ _,-
Lot>Ooon. NJ" ~-· ·· 

IV;;n'"'"''- GA' 
N .... g~'• F,:ili. NY' 
Veron• 1.10' 
.4<.l~.,lli. AR 

Slv-Jet It 
T~"'""'!.WA 

A.mo~t<. PA 

PoniArd. OR 
St. -"-tp"- MO 

Co!d 6~\. -'l' 
He~l .. ;v 

Gr.. ..... n. .,..,.,; n: 

Gr..-ns Bnou 'X 

f IUf-i>H'_, "')' • 

lU.dO'vpv<l. '<Y 

Nouq~toc'-. t1' 

MrJ"~t>d. MJ 

Bound Bloc4. kJ / 

ff e rnoN. CA. • 

~~nd.OW 

!'j~· falls. l'n' 
Hewvt... NJ 

N.-.-l. ~J· 
lU<dl~nd.. w 
TuK~.AL 
Hrliaoao. ll' 
N.tro. YN' 
Pont.n<J. 011 

) 

l 
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TABLE A 7. ALFHAB~TIC.Al U$ T OF PEST!CI~E CH[Mll:A~ ?nOOUCERS 

l 
I" 
i-

1 
r 

I 

L 
~ ,_ 

r 
f 

•• 

. 

~ ,, 
i 
t 

' [ 
i 
I 

l 
I 
I 
I 

I 
I 

I 

I 
i . ! 

I 
1 

I 
l 
I 

A011.0 CN"' Co. In(". 

Alco S11 ~.,d CCI;>. 

(><>-«Mol;~ C""m-1 

Am<:,..m Ptod•K1~. ltX Amb~. PA 
e,...,.,.~. A.-

PO t»-<JJ 
A~r. PA 1~">02 

(Svh'-'<! c-1 U..,.M 
Cl>ob.dt) 

f rcnoan~ CA 

lu"1o n. kJ ~~-
51 Jo~t?h. MO 

~r><t" Cl~m:d Co."'"'"'""· NJ 
fl.o-<~•n A-;. 

w • .,.,..... NJ 07410 

.fv.:-..<o;x-. ~ •()(j H•m.lw<l. MS 
0>. tTt. C.,.. p l 04 Ar-.vo:. ., CA 
,;en-MeG 1><1 CJ·.qr.>. 
(Oip 
(~n-McG-H C.-rolw 
Ot~hor.-,. C.tr. OK 
~3126 

Ala pa hoo CNm 0.•. Bovlo::Sef. CO 
SrniH Cor;> 
3-401 ~·!~view .~. •. 
Pt!o Abo. CA 94)1)4 

Blw Spr~ Co ll<>und Broot_ kJ 
:11•thf>Q. kJ 07~90 

·----~-·· 

------·----

C~coi (ct..,.) --------
(Nhlvof (II)' 

2 ~ D •no:l •"·'~ er>d s.J11• Ill 
2.~ DB '"" U'l·, Ill 
C\~ur t:.dP.1rn ~u· 
2.4.5-1 and <Siors ar>J uiiS (II 
Brom:'\.q r...o! .:tnd .-~art (U} 

I.ICPi\ (II) 

2.3.6-T~>ch!Q<cberuc~ ~~eod It'd 
U.'\(11) 

Tr>~/O>C ~t<od (II) 

2.4-0 at>d e<to:s ...->d U~l (II 
C.s.ul ~·um (I~· 

2.-1.!>-T ~1\<J uwo •rod a..tu (II 
IQ.o.yn•! (Ill' 

l.lCPS !Iii' 
2.3.6-Tochl.;.r~"YI ~I>C 
~ S-OO;:..m WI(~) 

V.wla.::oJoum Iii' 

2.4-D ~ro4 •""'' ~M ult• !II 
C.sul ~um(IJ' 

2.4.5-,. and «nte-t1 a.~ ~lu !li 
L1CP8 Jill 
2.3.6-Tn~!,iof~ ..:><l (ill 
2.J.!!-T<o<l>lo<()9~1>'(1 c.oct-<: 
~od. JOO<um utt (U) 

lh<ttP~t-.Qn Ill' 
"-'•'h.on ,ur 

P~: oi/><Q<l (UJ' 
Par.-th-cll (II}• 

4.~·0onotro-,-i:rn.ol c'>d '-"<!<vm 
un I~J 

~IQ94M( (:I) 

,._ .. ~·· 

i 
: 
J 

I 
! 

i 
' 

. ::. ~ 

j 

J 
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l ABLE A 7. front•nu()d) 

(h .. ,...~fc.;lii,~<I:(•C-" J.,~:vch•n. NJ 

Ct.~o~p 

:iJ W>ut<nan A. 

1.141....:"-!<'1. ~J 008-lu 
il971 >•lo.ho><l 

(tl<J"""'' (hem C.:>. 
lo>C 

l•iJ.J•GSS r.<;>l a•a,IA!JI~I 

Potlld"<l. OR 

W A Ct<~ory '>(VT)<I<..-L NJ 

1049 S;,metiet St 
Sor.wrut. NJ 0&873 

O.am<'' .;l Si'\.:lmrod Grt~en\ fi:tpu. TX 

(('<p 

1100 Super•e>< ;..... No"~''- NJ 
Clov1LaNJ. OH ~ 114 

Dow Ch.lrrtt;ol US A 

f I <1v·Ponc .Jo DO«-P yy. I ... . N.J 

N.-mou•' •rxl Co. Inc 
10()1 Mlr\el Sl 
W,lrr .. "QIOI\. 0€ 19898 

[~lo fuvet C~.ul• ~~e ..... AF. 

C<> 
~19~. AA 72342 

ISut'lod. ol VetiK. In<: J 

[II li!lt tr>d C..o. lrKh ...... Pol•S. IN 
:r40 S 1\I.,Nm• St. lall,..t'-<. IN 
ln<h.lr'-IP<Ji•s. IIi '.16201> 

(CO"llrt•<.ZW<l) 

H5 

C~o-l (ckts) 

2.4-0 1r.d es.l•<l 11\<l s..>IU(IJ" 

2 4.5·T a:-.l Hlct~ and ~h>llJ' 

2.4.5 lto<;hlo<c~lt<>nc! Ill" 

2.4·0 •c.() ~>I.WJ 1nd !J.JIII< fli' 
2,4.5- T a roc .n:cr: or.u ""''" :·;· 

l.l«:ap~op (fl) 

Chlototi~!O<VI (Ill 
OCPACill 
2.'4-D •nd .. ,: ..... And...,,.~ (I)' 

2.4.5·1 and '''~'• 1nd 
Ull~ Ill' 

'2.4_5.Trochl<>topt>cn.:>l &"<l ~111 
ctl• 

1.4(PA (Ill' 

2.4-D and as1ers and s..->hs (I) 

O.r>•I•OOutylpl'>cnot ammOn<um 
U~(B} 

(tbo<'IIW 

l.tCPA •rxl ""''"*:twl (Ill 
~\CPS!IW 

Pont&<IIIO'~ ond UlH (i) 

IIO<Y"oellll 
S•'~• and es.t4rl and ul:s (I) 
2.4.5-T end ~era •1'\d ~tu (I) 

2.4 S-lr..;l'llo<e>cl'tr>o: fll 
2.4.8-Tro<nlo<~nol (I) 

2.l.'S-Tro<:hl¢<004n<:<>o<: ~wj lor-d 

U!ll (Ill' 

P~rahr>(ICJ' 

PI(>OC()h""P' c:opyl-3.4 -do<;hic.to
t~vl:fo :H, 

P'9<Pfahn (Jl) 

...... -, ................ ___ -~--..-.,_.-J_J>.;·.-, ~-:~~~ 

. ! 

I 
~ . 

• 
' -! 
' 

. .. -----------~ 
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TABLE A7. (continued! 

=======-===========-==== 
lO.CiliO"'Il CO.,ru.:al lcluai ----------- ·----

fMC C<Yp 

OM u:.IX''' C•,.te< 
200 E~>l fl•nJ,.;:~h Or. 
(!ttC.Ji,J.J. i4. &._""'6ol 

FAii•I.·LA:\lra (Otp 

f' ( 1 Bo' H 
Tus::o:Mil. AL3!HVI 
tJ.>•nr .. --en:ure o~ F.a:kl:k 
(h~m Ce<o •M 

Lat~\ro (r--.tm G•ov;> 
l!ll (UI()) 

C'--31\o<":'Ure. t.l::l 
M·<ld~t. t>) 

(',,\F \orp l•~~r> 

140 We•t ~1•t St. 
Now York.. NY 10020 

G"""""'" Corro CHtc>n. KJ 
1 CO 0-e-IJtw.a nna l..v 

CioltC>Il. NJ Ol014 
(AHI!1atu or 

l .G•v .. on.;.c'<~~ •rxJ 

c.~ IS"'•Il I• 

Guth Ct>.>n,.-:~ Co 
Po s_.. JOl 
).Upervtlk. ll 

Gu:l Otl Co<p. 
!..,.., t.AtllmHter Crr.•J 

Htil~.rt. 

H~rcv~'- J.-; S.·un•wci. GA. 
910 M41lQI St. 
Woimi"QIOI\. uf I ~99 

~cr Ch~mu:.1! Co-;>. k·~•'• fon1. NY 
19(X}St .J•~•Pa"' 
Hcutt~n. 1 J.: 7 10] 7 

(S~.>b-\KS ol Occ..,.,lll 
P.,trMum (Otp I 

lm~t•a:l. \rx 

VY"tht 6:h 1'ld Gr.IJt 

Streo!J 

Sh.Jns"<lo•l't. lA 

II.•IJon<<ro<n. lr.c .'l,;,,gt-t_ NC 
6 7 5 S•own R<l. 

P (J -?, '>S40 

S• I ov•>. a.IO 6) I J( 

JJ6 

• 

TotrbG•fen fllj' 
Qo(hiOA(> (I) 

:J .-1·0 ~nr) 1;:!.1,, J ln.d S.11U fiJ 

~ .. tCPA e.x1 ~'~"~"'"e~ W: 
r ... ~c~otO\J u:, 

ihsul H>O•um (I)" 

2 4.5-Tru:hiO<,)f'.t\<oOOI fM ulu 

(I)' 

Ho....._,hlurophef\4 fll 
l><>b..Sc20111~· 

2.4-0 ar>:t este:s and s.4!ls Cll' 
$;,....,.ana eslers .:~rt<l. s>:ts Ill' 

1.-1 !).T '""' e'ler> an.:! ""'t:~ (I)' 
MCPA(II)' 

JA.5·T ;,n;J ~S'4tfi ~~ t..eh•il>• 
2A.S· Tn.:hlotOi>"en(,l •nd ~It> 

flj" 

2.-4.5-lr.chlo<cpMO<.>I arl<! ult> 

Ill" 
ltrt<l41nc: (II) 

2.-4 .Q .>rt<l Ul~rl tnd <.ti:S !I) 

-··-·.-:-} 

,-
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TABLE A7. (continurdj 

Produe<>r locatio<' Chemi~l {dus} ------------------------- ------
Merck. 8M Co .. Inc_ Ha.,..,ho<r>e, NJ 

126 East lincoln Av. 

Rahway. NJ 07Cii5 

Miller Chcm. and Ferll. Whiro!o<d. MD 

Corp 
Subsid. of Alco 

Standard Cvrp. 
Vdlley Forge. PA 19481 

~ltllmasrtr Onrx Group Berkeley Hg!s .• NJ 

99 Par< Av_ 
New Yorl._ NY 10016 
{Pan of Gulf Ool Corp.) 

Mobi: Ct:~m. -.=o. 
Pho:>p!·">r\..iS Oi-v. 

P.O. Box 26638 
Pochrnot'>d. VA 23261 

(Oiv. of Mobo! Corp.) 

Mons..!lnro Co. 
800 NO<Ih lindl>ergh 

Blvd. 
St. louis. MO 63166 

Monsanto Co. 

(conlinuedl 

Monon Chem. Co. 
Dov_ of 

Monoo-Norwoch 

Prcxlucrs. Inc. 
iOO N0<1h Wacker Dr . 
Chiugo. IL 60606 

<..harlesron_ SC 
Mr. Pleas.onl TN 

Ann1sron. Al 
lulong, LA 

Nirro. VN 
Saucet. ll 

Ringwood. IL 

Ne><lh E8Siern Pharma- Veroru. MO 
c~u\l.cat ZH~ Ch-em. Co. 
PO. B:>< 270 

S!lmford. CT 05904 

Occ.O..nr•l Pe:roleum 

Ce><p. (S<Oe Hooker) 

Olon Cqrp. 
1 20 Long R idg~ fid. 

Sr•nlc><d. CT 06904 

(conlo!'luedj 

Leland. MS 

Mcintosh. Al 
Roctlesrer, NY 

33J 

Pemachloro;:>hcnol ar.d s.alts {I)' 

2.4-0 and esters and salts (I)' 

Sol•e• and •sters ond salts (lj' 

2.4.5-T ar:d esrers and salls /1;' 

Oochl<>fenthion (lj" 

Bifeno• Ill 
D•chlofenrhion (;j' -

Parorhion {Ill 
Propo nil [II)" 
MCPA('IJ' 
2.4-0 end esters end s.alts (I)' 

Pentachlorop~.enol er.d salts ill 
~-Ber.zy1-p-chlorophenol (Ill 
MCPB (II)' 
PCNB (Ill' 

Mecoprop (II)" 

2.4.5-TrichiOtophenof and salts 
(I)' 

PCNB Ill) 

PCNB (II) 

PCNB IW 

\ 
·./ 
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TABLE A7. (conrinued) 

Producer locati<>n 

PSI-Gordon C:orp K•n:;as C•tr. KS 
300 So11th Third St. 
Kansas (fly. !;.S 661 18 

Pr ~nl'ss Drug Mld Na,..ar'<. NJ 
Chem. Co .. Inc. 
363 Sevenlh Av. 
New YO<k. NY 10001 

Reicht>old Chem . Inc hcom~. WA 
RCI 8;Dg_ 

Wh•le Plains, NY 10603 

Rhod•a. Inc N. Kans.as C•ty. MO 

600 M~d·s~n Av. 

New YO<k. 1-/Y 10022 
!Subsod. of Rhone- Penland. OR 
Poulenc SA [France )I 

Rhodoa. Inc (con!inued) 

Sr. Jo~p."· MO 

St. Paul. MN 

Rivef(:l31o Ct>em., Inc. Chic&~~o H';tS. ll 
220 C:ast 17th St. 

Ch""'go Hgts .• IL 6041 1 

Sobin Chern .. Inc. Newer<. NJ 
lnle<Nlticnal Mmerals 

and Ch~m. Co<p. 
fMC Plaia 

Li\)<,n~ille, ll 6()()48. 

SoniOid C~m. Co. Port N«hes. TX 
Pur~·AIIant.c Hwy. 

Port Ntches. TX 776S 1 

Stauffer Chem. Co. 

Westpo'1. CT 06880 

(continu<>d) 

Cold Cr<ek.. Al 
HenderSO<l. NV 

Mt. P~asanL TN 

c 

Chemicollc181o) 

Din>ethyldmon~ 5,811 ol docambo ill 

2.4.5-T and e~ters &nd ,..~s (I) 
Mecoprop (II). 

undon. llli 

l'enrachloro;>henol and""!" (I) 
o-!Jenryl-p-chlorop~onol (Ill 

2.4-D (I)" 
2.4-08 (I)" 

ro,yn.r fill' 

2.4-D Ill 
2.4-DB {I) 

,_4-0P(i) 

BromoxymiZtnU eti.~~::; !:i) 
_MCPA and derivaii"<S PI 
MCPB (Ill 

M<>eopwp Iff) 

2.4-0 and esters and ollts II! 
2.4 .(>8 ~nd salt' {If 

SrC>mo.<ynol Sold estOIS (II) 

MCPA and Oeflv~tives (II) 

MCPB(I:J 
M.-co;>iop (ll) 

2A -0 and e"~" a!"ld Hhs Ill" 
2.4-0811)' 

2.4 -D and esters arld s•hs (II 
S•lve• and ~~~rs and sal" (IJ 

2.4.5-T and es1ers and salt< Ill 

Pem.chlo.-oph<!f"><'l and s..olts IIJ' 

2.3.4.6-Telrachlort(Jnenol(l)' _ 

Carbophenothoon (11 1• 

C•o-t>oohenolhion Ill) 
Par alhion (II)" 

-I 

. h~~)~~~~~~~:j~~;)~:rii;\$'i:}'itt%wlli-.YHB"~·?';:y14ut4~·:~~~"?'~w~~~ 
·----.· .. 
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TABLE A7. (continued) 

Svntex (()(p 

I'"" Ar ~p.ohO<!) 

Ttr..'">eco Chem~ Co 
P•;< BO Plaza West 
s~ool~ 8roo< tiJ (17661 
!PMI of Ten~ co. Inc l 

fe<ds.. NJ 

Thompson(:,..,,.,,~ lou•s. MO 

30:'!i lccmt St ----
SI l Ou<S. F.IJ tiJ 103 

ThoiT'osoo-HJyWard 

o~,., Cu 
5100 Spo•''' Ro. 
P 0 Box 23!lJ 
Kans.$S C1ty.KS 65110 

(Subs•d. ol Nortr-> 

Arneocon Philops Corp l 

K•n.>-H C•ty. KS 

Tran;;vul. Inc . Jac<sonV1ll~. AR 

Marshall Rd 

P.O. Box 69 
Jocksoiw•lle. AR 7207E 

{SuMod ol Vonac. tn<:.l 

U11oon C4rtlod<l Cotp. 
270 P11k Av. 

lnslotut~ .1:><1 SJvth 

Charleston. 'NV 
Ney, Yon ... NY 10017 

/5--HI 1Pso Alrhvml 

Unoroyal. lr>e. 
I 230 Av. of tho 

Amero<: as 
New Yon. NY 10020 

Ve!,ocol C~. CArp. fl.ayt>0<1. TX 
3-41 Eut Or><c St. B.o~'-'rnonL TX. 

c~~o. IL 60011 

(S ui.Jild of 1-iorthY<il &I 

IMuotT-. Inc.! 

Verllc. Inc. 
( .. ~ Transvaol and 
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3. COMBUSTION SOURCES OF CDD/CDF: WASTE INCINERATION 

Incineration is the destruction of solid, liquid, or gaseous wastes through the 

application of heat within a controlled combustion system. The purposes of incineration 
-t,"" 

are to reduce the volume of~.~;-~~ that needs land disposal and to reduce the toxicity of 
' 

the waste, making it more sterile. In keeping with this definition, incinerator systems can 

be classified by the types of wastes incinerated: municipal solid waste incineration; 

medical and pathological waste incineration; hazardous waste incineration; sewage sludge 

incineration; tire incineration; and biogas flaring. Each of these types of incinerators are 

discussed in this chapter. The purposes of this chapter are to: characterize and describe , . 

waste incineration technologies in the United States ahd to derive estimates of annual 

releases of CDDs and CDFs into the atmosphere from these facilities for reference years 

1987 and 1995. 

Combustion research has developed three theories on the mechanisms involved in 

the emission of CDDs and COFs from combustion systems: (1) CDD/CDFs can be 

introduced into the combustor with the feed and pass through the system unchanged, 

(2) CDD/CDFs can be formed during combustion, or (3) CDD/CDFs can be formed via 

chemical reactions in the post-combustion portion of the system. The total CDD/CDF 

emissions are likely to be the net result of all three mechanisms; however, their relative 

importance is often uncertain. To the extent practical with the available data, the 

combustors in each source category were divided into classes judged to have similar 

emission factors. This classification effort attempted to reflect the emission mechanisms 

described above. The emission mechanisms suggest that the aspects of combustor design 

and operation that could affect CDD!CDF emissions are furnace design, composition of the 

waste feed, temperature in the post-combustion zone of the system, and type of air 

pollution control device (APCD) used to remove contaminants from the flue gases. 

Therefore, incineration systems that are similar in terms of these factors should have similar 

CDD/CDF emissions. Accordingly, this ch3pter proposes classification schemes that divide 

combustors into a variety of design classes based on these factors. Design class, as used 

here, refers to the combination of furnace type and accompanying APCD . 
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3.1. MUNICIPAL SOLID WASTE INCINERATION 

As discussed previously, CDD/CDF emission theory suggests that CDD/CDF 

emissions can be related to several factors, including furnace design, composition of the 

waste feed, temperature in the p~~t:"'c~bustion zone of the system, and type of APCD 

used to remove contaminants fro;;'the'flue gases. Accordingly, this chapter proposes a 

classification scheme that divides municipal solid waste incinerators (MSWis) into a variety 

of design classes based on those factors. Some APCDs are operated at different 

temperatures; therefore, operating temperature is used to define some design classes. 

Because the theory also suggests that feed can influence CDD/CDF emissions, the 

propose9 furnace classification system distinguishes refused-derived fuel from normal 
. \ I ' 

municipal solid waste (MSW). This section begins with a description of the MSWI 

technology and then proposes the design classification scheme. Using this scheme, the 

MSWI industry is characterized for the reference years 1987 and 1995. Finally, the 

procedures for estimating emissions are explained, and results summarized. 

, :3."1.1. Description of Municipal Solid Waste Incineration Technologies .! For purposes of this report, MSWI furnace types are divided into three major 

categories: mass burn, modular, and refuse-derived fuel. Each of these furnace types is 

described below, followed with a description of the APCDs used with these systems. 

Furnace Types 

Mass Burn: Historically, this furnace type derived its name because it burned MSW 

as received (i.e., no preprocessing of the waste was conducted other than removal of items 

too large to go through the feed system). Today, a number of other furnace types also 

burn unprocessed waste (as described below). Mass burn furnaces are distinguished from 

these others because they burn the waste in a single stationary chamber. In a typical mass 

burn facility, MSW is placed on a grate that moves through the combustor. The 1995 

inventory indicates that the combustion capacity of facilities ranges from 90 to 2, 700 

metric tons of MSW per day. Three subcategories of mass burn (MB) technologies are 

described below: 

•• Mass burn refractory-walled (MB-REF) systems represent an older class of MSWis 

(generally built in the late 1970s to early 1980s) that were designed only to reduce 
the volume of waste in need of disposal by 70 to 90 percent. These facilities 
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usually lacked boilers to recover the combustion heat for energy purposes. In the 
MB-REF design, the MSW is delivered to the combustion chamber by a traveling 
grate and/or a ram feeding system. Combustion air in excess of stoichiometric 
amounts (i.e., more oxv,gen is supplied than needed for complete combustion) is 

supplied both below anCi-.-<l_t;),ve the grate. 

--~--._ " . 
Mass burn waterwall (MB,vVW) facilities represent enhanced combustion efficiency, 
as compared with MB-REF incinerators. Although it achieves similar volume 
reductions, the MB-WW incinerator design provides a more efficient delivery of 
combustion air, resulting in sustained higher temperatures. Figure 3-1 is a schematic 
of a typical MB-WW MSWI. The term 'waterwall ' refers to a series of steel tubes, 
running vertically along the walls of the furnace. The tubes contain water, which 
when heated by combustion, transfer energy from the heat of combustion to the 
water. The water reaches boiling temperature, and steam is produced. The stearn 
is then used to drive an electrical turbine generat'ot or for other industrial needs. 
This transfer of energy is termed 'energy recovery.' 

Mass burn rotary kiln combustors (MB-RC) use a water-cooled rotary combustor, 
which consists of a rotating combustion barrel configuration mounted at a 15-20° 
angle of decline. The refuse is charged at the top of the rotating kiln by a hydraulic 
ram (Donnelly, 1992). Preheated combustion air is delivered to the kiln through 
various portals. The slow rotation of the kiln (i.e., 10 to 20 rotations/hour) cause:; 

the MSW to tumble, thereby exposing more surface area for complete burnout of 
the MSW. These systems are also equipped with boilers for energy recovery. 
Figure 3-2 is a schematic of a typical MB-RC MSWI. 

Modular Incinerator: This is the second general type of MSWI furnace used in the 

United States. As with the mass burn type, modular incinerators burn waste without 

preprocessing. Modular MSWis consist of two vertically mounted combustion chambers 

(i.e., a primary and secondary chamber). In the 1995 inventory, modular combustors' 

combustion capacity ranged from 4 to 270 metric tons/day. The two major types of 

modular systems, "excess air" and "starved air," are described below. 

The modular excess-air system consists of a primary and secondary combustion 
chamber, both of which operate with air levels in excess of stoichiometric 
requirements (i.e., 100 to 250 percent excess air). Figure 3-3 illustrates a typical 
modular excess-air MSWI. 

Starved (or controlled) air is a newer type of modular system, which is easier and 
less expensive to operate than the excess-air systems. In these systems, air is 

supplied to the primary chamber at sub-stoichiometric levels. The products of 
incomplete combustion entrain in the combustion gases that are formed in the 
primary combustion chamber, then pass into a secondary combustion chamber. 
Excess air is added to the secondary chamber, and combustion is completed by 
elevated temperatures sustained with auxiliary fuel (usually natural gas). The high 
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and uniform temperature of the secondary chamber, combined with the turbulent 
mixing of the combustion gases, results in low-levels of particulate matter and 
organic contaminants being formed and emitted. Therefore, many existing modular 
units lack post-combustion air pollution control devices. Figure 3-4 is a schematic 
view of a modular starved-'air MSWI. 

{!~·,_,, 

--····, \' 

'· 
Refuse-Derived Fuel (RDF): The third major type of MSWI furnace technology is 

designed to combust refuse-derived fuel (RDF). RDF is a general term that describes MSW 

from which relatively noncombustible items are removed, thereby enhancing the 

combustibility of the MSvV. RDF is commonly prepared by shredding, sorting, and 

separating out metals to create a dense MSW fuel in a pelletized form, having a uniform 
I 

size. Three types of RDF systems are described below. \ 1 ' 

The dedicated RDF system burns RDF exclusively. Figure 3-5 shoyvs a typical 
dedicated RDF using a spreader-stoker boiler. Pelletized RDF is fed into the 
combustor through a feed chute, using air-swept distributors; this allows a portion 
of the feed to burn in suspension and the remainder to burn out after falling on a 
horizontal traveling grate. The traveling grate moves from the rear to the front of 
the furnace, and distributor settings are adjusted so that most of the waste lands on 
the rear two-thirds of the grate. This allows more time to complete combustion on 
the grate. Underfire and overfire air are introduced to enhance combustion, and 
these incinerators typically operate at 80 to 100 percent excess air. Waterwall 
tubes, a superheater, and an economizer are used to recover heat for production of 
steam and/or electricity. The 1995 inventory indicates that dedicated RDF facilities 
range in total combustion capacity from 227 to 2,720 metric tons/day. 

Cofired RDFs burn both RDF and normal MSW. 

The fluidized-bed RDF (FB-RDF) burns the waste in a turbulent and semi-suspended 
bed of sand. The MSW may be fed into the incinerator either as unprocessed waste 
or as a form of RDF. The RDF may be injected into or above the bed through ports 
in the combustor wall. The sand bed is suspended during combustion by introducing 
underfire air at a high velocity, hence the term "fluidized." Overfire air at 100 
percent stoichiometric requirements is injected above the sand suspension. Waste

fired FB-RDFs typically operate at 30 to 100 percent excess air levels and at bed 
temperatures around 815,C (1,500°F). A typical FB-RDF is presented as Figure 3-6. 
Technology has two basic design concepts: ( 1) a bubbling-bed incineration unit and 
(2) a circulating-bed incineration unit. The 1995 inventory indicates that fluidized
bed MSWis have capacities ranging from 184 to 920 metric tons/day. These 
systems are usually equipped with boilers to produce steam . 
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Air Pollution Control Devices {APCDs) 

MSW/s are commonly equipped with one or more post-combustion APCDs to 

remove various pollutants prior to release from the stack (e.g., particulate matter, heavy 
' 

metals, acid gases, and/or ofga~ contaminants) (U.S. EPA, 1992d). These APCDs 
. .A ~· 
1nclude: · 

Electrostatic precipitator (ESP), 
Fabric filter (FF}, 
Dry scrubber (DS), 
Dry sorbent injection (DSI), and 
Wet scrubber (WS) 

'· I I 

Electrostatic Precipitator: The ESP is generally used to collect and control 

particulate matter that evolves during MSW combustion, by introducing a strong electrical 

field in the flue gas stream; this, in turn, charges the particles entrained in the combustion 

gases (Donnelly, 1992). Large collection plates receive an opposite charge to attract and 

collect the particles. CDD/CDF formation can occur within the ESP at temperatures in the 

range of 150 to about 350°C. As temperatures at the inlet to the ESP increase from 

1 50 to 300°C, CDD/CDF concentrations have been observed to increase by approximately 

a factor of two for each 30°C increase in temperature (U.S. EPA, 1994f). As temperature 

increases beyond 300°C, formation rates decline. Although ESPs in this temperature range 

efficiently remove most particulates and the associated CDD/CDFs, the formation that 

occurs can result in a net increase in CDD/CDF emissions. This temperature related 

formation of CDD/CDF within the ESP can be applied to distinguish hot-side ESPs from 

cold-side ESPs. For purposes of this report, ESPs are classified as follows: 

A cold-side ESP operates at or below 2300C. 
A hot-side ESP operates at an inlet temperature greater than 230°C. 

Fabric Filters (FF): FFs are also particulate matter control devices, which remove 

dioxins associated with particles and any vapors that adsorb to the particles. Six- to 8-inch 

diameter bags, made from woven fiberglass material, are usually arranged in series. An 

induction fan forces the combustion gases through the tightly woven fabric. The porosity 

of the fabric allows the bags to act as filter media and retain a broad range of particles 

3-5 April 1998 



DRAFT--DO NOT QUOTE OR CITE 

sizes (i.e., down to less than 1 micrometer in diameter). The FF is sensitive to acid gas; 

• therefore, it is usually operated in combination with spray dryer adsorption of acid gases. 

Dry Scrubbers IDS): DSs, also called spray dryer adsorption, involve both the 
\ 

'· 
removal of acid gas and particulate m~·rte\!rom the post-combustion gases. By 

,"-"''•., '\' 
themselves, these units probably have 1ittle effect on dioxin emissions. In a typical DS 

sy5tem, hot combustion gases enter a scrubber reactor vessel. An atomized hydrated lime 

slu1·ry (water plus lime) is injected into the reactor at a controlled velocity (Donnelly, 1992). 

The hydrated lime slurry rapidly mixes with the combustion gases within the reactor. The 

wmer in the hydrated lime slurry quickly evaporates, and the heat of evaporation causes 

the combus;ion gas temperature to rapidly decrease. The ne~tr1a~izing capacity of hydrated 

lime reduces the combustion gas content of acid gas constituents (e.g., hydrogen chloride 

gas, and sulfur dioxide gas) by greater than 70 percent. A dry product, consisting of 

particulate matter and hydrated lime, settles to the bottom of the reactor vessel. OS 

technology is used in combination with ESPs. The OS reduces ESP inlet temperatures to 

make a cold-side ESP. DS/FFs have achieved greater than 95 percent reduction and control 

•f CDD/CDFs in MSWI emissions (U.S. EPA, 1992d) . 

• ; D1:y_§orbent Injection (DSI): DSI is used to reduce acid gas emissions. By themselves, 

these units probably have little effect on dioxin emissions. OSI involves the injection of dry 

hydrated lime or soda ash either directly into the combustion chamber or into the flue duct 

of the hot post-combustion gases. In either case, the reagent reacts with and neutralizes 

the acid gas constituents (Donnelly, 1992). 

Wet Scrubber (WS): WS devices are designed for acid gas removal, and are more 

common to MSWis in Europe than in the United States. They should help reduce emissions 

of dioxin in both vapor and particle forms. WS devices consist of two-stage scrubbers. The 

first stage removes HCI, and the second stage removes S0 2 (Donnelly, 1992). Water is 

used to remove the HCI, and caustic or hydrated lime is added to remove S0 2 from the 

combustion gases. 

In addition to the APCDs described above, some less common types are also used in 

some MSWis. An example is the Electro Granular Bed (EGB), which Consists of a packed 
' 

bed of activated carbon. An electric field is passed through the packed bed; particles 

)tramed in the flue gases are given a negative charge, and the packed bed is given a 

.sitive charge. EGB systems function much like an ESP. Particulate matter is collected 

v;ithin the bed; therefore, they will remove dioxins associated with collected particles and 
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any vapors that adsorb to the particles. Only one facility in the United States currently 

employs the EGB system, a fluidized bed-RDF MSWI. 

' 
C/assifica tion Scheme ~ .... ,, 

Based on the array ol~SWI technologies described above, a classification system 

for deriving CDD/CDF emission estimates was developed. As discussed earlier, it is 

assumed that facilities with common design and operating characteristics have a similar 

potential for CDD/CDF emissions. The MSWis operating in 1987 and 1995 were divided 

according to the eight furnace types and seven APCDs described above. This resulted in 

17_ design classes in 1987 and 40 design classes in 1995. Because fewer types of APCDs 
! \ \. \ 

were used in 1987 than in 1995, fewer design classes are needed for estimating emissions. 

This taxonomy is summarized in Figures 3-7 and 3-8. 

3.1.2. Characterization of MSWI Facilities in Reference Years 1995 and 1987 

Table 3-1 lists by design/APCD type, the number of facilities and activity level (kg 

MSW incinerated per year} for MSWis in the reference year 1995. A similar inventory is 

provided for reference year 1987 in Table 3-2. This information was derived from four 

reports: U.S. EPA (1987b}, Sytems Applications International (1995}, Taylor and Zannes 

(1996), and Solid Waste Technologies (1994). In general, these studies collected the 

information via telephone interviews with the plant operators. 

Using Tables 3-1 and 3-2, a number of comparisons can be made between the two 

reference years: 

The number of facilities stayed about the same (113 in 1987 and 130 in 1995}, but 
the amount of MSW incinerated more than doubled (13.8-billion kg in 1987 and 
28.8-billion kg in 1995). 
The dominant furnace technology shifted from modular in 1987 (57 units and 1.4-
billion kg} to mass burn water~;vall facilities in 1995 _(57 units and 17-billion kg). 
The dominant APCD technology shifted from hot-sided ESPs in 1987 (54 units and 
11-billion kg) to fabric filters in 1995 (55 units and 16-billion kg}. 
The use of hot-sided ESPs dropped from 54 facilities in 1987 (11-billion kg} to 16 
facilities in 1995 (2.2-billion kg). 
The number of uncontrolled facilities dropped from 38 in 1987 (0.6-billion kg} to 10 

facilities in 1995 (0.2-billion kg). 
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•

. 3.1 .3. Estimation of CDD/CDF Emissions from MSWis 

Compared to other CDD/CDF source categories, MSWls have been more extensively 

evaluated for CDD/CDF emissions. Within the context of this report, adequate emission 

testing for CDD/CDFs were availablett.o,r.{ 1 of the 113 facilities in the 1987 inventory and 

27 of the 130 facilities in the 1995-~ihver'ttory. Nationwide CDD/CDF air emissions from 

MSWls were estimated using a three-step process as described below. 

Step 1. Estimation of emissions from all stack tested facilities. The EPA stack testing 

method (EPA Method 23) produces a measurement of CDD/CDF in units of mass 

concentration of CDD/CDF (i.e., nanograms per dry standard cubic meter of combustion gas 
I I I \ 

[nSJ/dscm)) at standard temperature and pressure (20oC and one atmosphere), and adjusted 

to a measurement of 7 percent oxygen in the flue gas (U.S. EPA, 1995b). This 

concentration is assumed to represent conditions at the point of release from the stack into 

the air. Equation 3-1 below was used to derive annual emission estimates for each tested 

facility: 

Where: 

ETEa = 
c 

v 

CF 
H = 

c X v X CF X H 

109 nglg 

Annual TEO emission (g /yr) 

(Eqn. 3-1} 

Combustion flue gas TEO concentration (ng/dscm) (20°C, 1 atm; 
adjusted to 7% 0 2) 

Volumetric flow rate of combustion flue gas (dscm/hour) (20°C, 1 
atm; adjusted to 7% 0 2) 

Capacity factor, fraction of time that the MSWI operates (i.e., 0.85) 
Total hours in a year (8,760 hr/yr) 

After calculating annual emissions for each tested facility, the emissions were summed 

across all tested facilities for each reference year. [Note: many of the emission tests do 

not correspond exactly to these 2 years. In these cases, the equipment conditions present 

at the time of the test were compared to those during the reference year to determine their 

applicability.) 

.Step 2. Estimation of emissions from all non-tested facilities. This step involves 

multiplying the emission factor and annual activity level for each MSWI design class and 
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then summing across classes. The activity levels for reference years 1995 and 1987 are 

summarized in Tables 3-1 and 3-2, respectively. The emission factors were derived by 

averaging the emission factors across each tested facility in a design class. The emission 
·, 

factor for each facility was d!c~ted using the following equation: 
~-~'·•,, . •\. ' 

Where: 

EFmswi == 
c 

' c X F\' 
EF . mswt (Eqn. 3-2) 

Emission factor, average ng !E~ per kg of waste burned 
TEO or CDD/CDF concentrattorltn flue gases (ng TEO/dscm) (20°C, 1 
atm; adjusted to 7% 0 2) 

Volumetric flue gas flow rate (dscm/hr) (20°C, atm; adjusted to 7% 
02) 

Average waste incineration rate (kg/hr) 

Example: A mass burn waterwall MSWI equipped with cold-sided ESP. 

Given: 

== 
== 

10 ng TEO/dscm (20°C, 1 atm; adjusted to 7% 0 2 ) 

40,000 dscm/hr (20°C, 1 atm; adjusted to 7% 0 2) 

10,000 kg MSW/hr 

EFMBWW 
10 ng 40,000 dscm hr 
--X X 
dscm hr 10,000 kg 

EFMBWW 
40 ng TEQ 

kg MSW burned 

EPA was not able to obtain engineering test reports of CDD/CDF emissions for a 

number of design classes. In these cases, the above procedure could not be used to derive 

emission factors. Instead. the emission factors of the tested design class that was judged 

most similar in terms of dioxin control was assumed to apply to the untested class. The 

following logic was used to make this decision: 
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The tested APCDs for the furnace type of the untested class were reviewed to see if 

any operated at a similar temperature. 

If any operated at similar tetnperatures, the one with most similar technology was t,..,,,, 
assumed to apply. .•... ·'>, 

If none operated at a similar temperature, then the most similar furnace type with 

same control device was assumed to apply. 

Table 3-3 lists all design categories with no tested facilities and shows the class with 

tested fa'cilities that vvas judged most similar. \ I I 

It should be understood that the emission factors for each design class are the same 

for both reference ~~ears. This is because the emission factor is determined only by the 

design and operating conditions and is independent of the year of the test. 

Step 3. Sum emissions from tested and untested facilities. This step simply involves 

.) summing emissions from all tested and untested facilities. This process is shown in Tables 

:3-4 and 3-5 for the reference years 1995 and 1987, respectively. The tables are organized 

by design class and show separately the emission estimates for the tested and untested 

facilities. The calculation of emissions from untested facilities is broken out to show the 

activity level and emission factor for each design class. 

~:.1.4. Summary of CDD/CDF (TEO) Emissions from MSWis for 1995 and 1987 

The activity level estimates (i.e., the amount ofMSW that is annually combusted by 

the various MSWI technologies) are given a "high" confidence rating for both 1987 and 

1995. For both years, comprehensive surveys of activity levels were conducted by 

independent sources on virtually all facilities (U.S. EPA, 1987b; Systems Application 

International, 1995; Taylor and Zannes, 1996; Solid Waste Technologies, 1994). 

The emission factor estimates are given a "medium" confidence rating for both 

1987 and 1995. A moderate fraction of the facilities were tested in both years: 11 of 113 

facilities in 1987 (1 0 percent), and 27 of 130 facilities (21 percent) in 1995. Moreover, the 

• tested facilities represent 21 and 27 percent of the total activity level of operating MSWis 

in 1987 and 1995, respectively. These tests represent most of the design categories 
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identified in this report. The emission factors were developed from emission tests that 

followed standard EPA protocols, used strict OA/OC procedures, and were well 

documented in engineering reports. Because all tests were conducted under normal 
' 

operating conditions, some ukce~inty exists about the magnitude of emissions that may 
.~.. '"' 

occur during other times (i.e.:'Upset conditions, start-up and shut-down). 

These confidence ratings produce an overall "medium" confidence rating. Using the 

procedures established for this report for a "medium" confidence rating, the best estimate 

of the annual emissions is assumed to be the geometric average of a range that varies by a 

factor of five between the low and high ends. For 1987, the central estimate of the annual 

en}issions is 7,915-g TEO/yr, and the range is calculated to be 3,540- to 17,698-g TEO/yr. 
\ I I 

For 1995, the central estimate of annual emissions is 1,1 00-g TEO/yr, and the range is 

calculated to be 492- to 2,460-g TEO/yr. 

3.1.5 Congener Profiles of MSWI Facilities 

The TEO air emissions from MSWis are actually a mixture of COD and CDF 

congeners. These mixtures can be translated into what are termed 'congener profiles,' 

which represent the distribution of total CDDs and CDFs present in the mixture. A 

congener profile may serve as a signature of the types of COOs and CDFs associated with 

particular MSWI technology and APCD. Figure 3-9 is a congener profile of a mass-burn 

waterwall MSWI equipped with a dry scrubber and fabric filter (i.e., the most common type 

of MSWI and APCD design in use today). In general, the congener profile suggests that 

OCDD dominates total CDD/CDF emissions. In addition, every toxic CDD/CDF congener is 

detected in the emissions. 

3.1.6 Estimated CDD/CDFs in MSWI Ash 

Ash from MSWis is required to be disposed in permitted landfills. Based on 

protocols of this report, ash from MSWis are, therefore, not considered environmental 

releases of CDD/CDFs and are not included in the inventory. For background purposes, 

however, some information is presented below about the quantities of CDD/CDFs in ash 

from MSWis. 

An estimated 7-million metric tons of total ash (bottom ash plus fly ash) were 

generated by MSWis in 1992 (telephone conversation between J. Loundsberry, U.S. EPt\ 

Office of Solid Waste, and L. Brown, Versar Inc., on February 24, 1993). U.S. EPA 
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( 1 991 b) indicated that 2- to 5-million metric tons of total ash were produced annually in the 

late 1980s from MSWis, with fly ash comprising 5 to 15 percent of the total. U.S. EPA 

(1990c) reported the results of analyses of MSWI ash samples for COOs and CDFs. Ashes 

from five state-of-the-art facilities lbca~d in different regions of the United States were 

analyzed for all 2,3, 7 ,8-substituted\::obs and CDFs. The TEO levels in the ash (fly ash 

mixed with bottom ash) ranged from 106 to 466 ng/kg, with a mean value of 258 ng/kg. 

CDD/CDF levels in fly ash are generally much higher than in bottom ash. For example, 

Fiedler and Hutzinger (1992) reported levels of 13,000-ng TEO/kg in fly ash. Multiplying 

the mean TEO total ash concentration by the estimated amount of MSWI ash generated 

annually Japproximately ?-million metric tons in 1995 and 5-million metric tons in 1987) 
\ \ \ 

yields an estimated annual TEO in MSWI ash of 1 ,800-g TEQ/yr in 1995 and 1 ,300-g 

TEO/yr in 1 987. 

Each of the five facilities sampled in U.S. EPA (1990c) had companion ash disposal 

facilities equipped with leachate coJiection systems or some means of collecting leachate 

samples. Leachate samples were collected and analyzed for each of these systems. 

Detectable levels were only found in the leachate at one facility (TEO = 3 ng/L); the only 

detectable congeners were HpCDDs, OCDD, and HpCDFs. 

3 .1. 7 Current EPA Regulatory and Monitoring Activities 

On December 19, 1995, EPA promulgated CDD/CDF emission standards for all 

existing and new MSWJ units with aggregate capacities to combust greater than 35 metric 

tons per day (Federal Register, 1995e). The specific emission standards (expressed as 

ng/dscm of total CDD/CDF- based on standard dry gas corrected to 7 percent oxygen) are 

a function of the size, APCD configuration, and age of the facility as listed below: 

1995 Emission standard 
(ng total CDD/CDF/dscm) 

60 

30 

125 

13 

3-12 

Facility age, size, and APCD 

o Existing; > 225 metric tons/day; ESP
based APCD. 

• Existing; > 225 metric tons/day; non
ESP-based APCD 

o Existing; > 35 to ~ 225 metric 
tons/day 

o New; > 35 metric tons/day 
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States have up to 3 years from promulgation of the Federal standards to submit 

revised State Implementation Plans to EPA for approval. Once approved, States have the 

primary responsibility to implement the new standards. This could occur as early as the 

year 2000. As this date ap~.r-o"'\hes, EPA's Office of air Quality Planning and Standards 

(OAOPS) estimates that tt{e\>urre'nt estimate of national emissions of CDD/CDFs from 

existing MSWis will decline from current levels. OAOPS estimates full compliance by all 

MSWis with the 1995 standards will result in an annual emission of about 24-g TEO/yr 

(U.S. EPA, 1 996d). 

3.2. HAZARDOUS WASTE INCINERATION 
I \ ~' ' 

Hazardous waste incineration (HWI) is the controlled pyrolysis and/or oxidation of 

potentially dangerous liquid, gaseous and solid waste. HWI is one technology used to 

manage hazardous waste under RCRA and CERCLA (Superfund) programs. As described 

below, hazardous wastes are burned in a variety of situations and are covered in a number 

of different sections in this report. 

Much of the hazardous waste is burned in facilities dedicated to burning waste. 
Most of these dedicated facilities are located "onsite" at chemical manufacturinn 
facilities and only burn waste associated with their on-site industrial operations. 
Hazardous waste is also burned at dedicated facilities located "offsite" from 
manufacturing facilities and accept waste from multiple sources. These fixed 
location facilities dedicated to burning hazardous waste at both on- and off-site 
locations are addressed in Sections 3.2.1 to 3.2.4. 

Hazardous waste is also burned in industrial boilers and furnaces that are permitted 
to burn the waste as supplemental fuel. These facilities have significantly different . 
furnace designs and operations than dedicated HWis; therefore, they are discussed 
in Section 3.2.5. 

A number of cement kilns are also permitted to burn hazardous waste as auxiliary 
fuel; these are discussed separately in Section 5.1. 

Mobile HWis are typically used for site cleanup at Superfund sites and operate for a 
limited duration at any given location. These units are 'mobile' in the sense that 
they can be transported from one location to another. Due to the transitory nature 
of these facilities, they are not included in this inventory. 
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The following subsections review the types of HWI technologies commonly in use in 

the United States, and present the derivation of emissions estimates of CDD/CDFs from all 

facilities operating in 1995 and 198). 

{;;~,,, 

-~•., \' 

3.2.1. Furnace Designs for Dedicatea Hazardous Waste Incinerators 

The four principal furnace designs employed for the combustion of hazardous waste 

in the United States are: liquid injection, rotary kiln, fixed hearth, and fluidized-bed 

incinerators (Dempsey and Oppelt, 1993). The majority of commercial operations are of 

the rotary kiln incinerator type. On-site (noncommercial) HWI technologies <:Jre an equal mix 

of rotaryikiln and liquid injection facilities, with a few addi\iOfiJa,l fixed hearths and fluidized 

bed operations (U.S. EPA, 1996h). Each of these MWI technologies is discussed below: 

Rotary Kiln HWI: Rotary kiln incinerators consist of a rotating kiln, coupled with a 

high temperature afterburner. Because these are excess air units designed to combust 

hazardous waste in any physical form (i.e., liquid, semi-solid, or solid), rotary kilns are the 

most common type of hazardous waste incinerator used by commercial "off-site" 

operators. The rotary kiln is a horizontal cylinder lined with refractory material. Rotation of 

the cylinder on a slight slope provides for gravitational transport of the hazardous waste 

throu~Jh the kiln (Buonicore, 1992a). The tumbling action of the rotating kiln causes mixing 

and exposure of the waste to the heat of combustion, thereby enhancing burnout. Solid 

ancl semi-solid wastes are loaded into the top of the kiln by an auger or rotating screw. 

Fluid and pumpable sludges and wastes are typically introduced into the kiln through a 

water-cooled tube. Liquid hazardous waste is fed directly into the kiln through a burner 

nozzle. Auxiliary fuel (natural gas or oil) is burned in the kiln chamber at start-up to reach 

elevated temperatures. The typical heating value of hazardous waste (i.e., 8,000 Btu/kg) is 

sufficient to sustain combustion without auxiliary fuel (U.S. EPA, 1996h}. The combustion 

gases emanating from the kiln are passed through a high temperature afterburner chamber 

to more completely destroy organic pollutants entrained in the flue gases. Rotary kilns can 

be designed to operate at temperatures as high as 2,580°C, but more commonly operate at 

about 1,1 00°C. 

liquid Injection HWJ: Liquid injection incinerators (LIIs) are designed to burn liquid 

hazardous waste. These wastes must be sufficiently fluid to pass through an atomizer for 
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injection as droplets into the combustion chamber. The Llls consist of a refractory-lined 

steel cylinder mounted either in a horizontal or vertical alignment. The combustion 

chamber is equipped with one or more waste burners. Because of the rather large surface 
I 

area of the atomized droplet~of~quid hazardous waste, the droplets quickly vaporize. The 

moisture evaporates, leavi~-g'<J hfg,hly combustible mix of waste fumes and combustion air 

(U.S. EPA, 1996h). Secondary air is added to the combustion chamber to complete the 

oxidation of the fume/air mixture. 

Fixed Hearth HWI: Fixed hearths, the third principal hazardous waste incineration 

t~Jchnology, are starved air or pyrolytic incinerators, which are two-stage combustion units. 
\ \, \ 

Waste is ram-fed into the primary chamber and incinerated below stoichiometric 

requirements (i.e., at about 50 to 80 percent of stoichiometric air requirements). The 

resulting smoke and pyrolytic combustion products are then passed though a secondary 

combustion chamber where relatively high temperatures are maintained by the combustion 

of auxiliary fuel. Oxygen is introduced into the secondary chamber to promote complete 

thermal oxidation of the organic molecules entrained in the gases . 

Fluidized-bed HWI: The fourth hazardous waste incineration technology is the 

fluidized-bed incinerator, which is similar in design to that used in MSW incineration. (See 

Section 3.1 .) In this configuration, a layer of sand is placed on the bottom of the 

combustion chamber. The bed is preheated by underfire auxiliary fuel at startup. During 

combustion of auxiliary fuel at start-up, the hot gases are channeled through the sand at 

relatively high velocity, and the turbulent mixing of combustion gases and combustion air 

causes the sand to become suspended (Buonicore, 1992a). This takes on the appearance 

of a fluid medium, hence the incinerator is termed a 'fluidized bed' combustor The 

incinerator is operated below the melting point temperature of the bed material. Typical 

temperatures of the fluid medium are within the range of 650 to 940°C. A constraint on 

the types of waste burned is that the solid waste particles must be capable of being 

suspended within the furnace. When the liquid or solid waste is combusted in the fluid 

medium, the exothermic reaction causes heat to be released into the upper portion of the 

combustion chamber. The upper portion is typically much larger in volume than the lower 

portion, and temperatures can reach 1 ,OOO?C (Buonicore, 1992a). This high temperature is 

sufficient to combust volatilized pollutants emanating from the combustion bed. 
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3.2.2. APCDs for Dedicated Hazardous Waste Incinerators 

Most HWis use APCDs to remove undesirable components from the flue gases that 

evolved during the combustion of the hazardous waste. These unwanted pollutants include 

suspended ash particles ("particulafe~matter" or PM), acid gases, metal, and organic 
~v''\ 

pollutants. The APCD controls or c~biJen.s these pollutants and reduces their discharge from 

the incinerator stack to the atmosphere. Levels and kinds of these combustion byproducts 

c;re highly site-specific, depending on factors such as waste composition and incinerator 

system design and operating parameters (e.g., temperature and exhaust gas velocity). The 

1\PCD is typically comprised of a series of different devices that work together to clean 

the exhaust combustion flue gas. Unit operations usually include exhaust gas cooling, 
I 

followed by particulate matter and acid gas control. 
I \ \ 

Exhaust gas cooling may be achieved using a waste heat boiler or heat exchanger, 

mixinsJ with cool ambient air, or injection of a water spray into the exhaust gas. A variety 

of different types of APCDs are employed for the removal of particulate matter and acid 

gases. Such devices include: wet scrubbers (such as venturi, packed bed, and ionizing 

systems), electrostatic precipitators, and fabric filters (sometimes used in combination with 

• • dry acid gas scrubbing). In general, the control systems can be grouped into the following 

three categories: '~wet," "dry," and "hybrid wet/dry" systems. The controls for acid gases 

(either dry or wet systems) cause temperatures to be reduced preceding the control device. 

This impedes the extent of formation of COOs and CDFs in the post-combustion area of the 

typical HWI. It is not unusual for stack concentrations of CDD/CDFs at a particular HWI to 

be in the range of 1- to 1 00-ng CDD/CDF/dscm (Helble, 1993), which is low in comparison 

to other waste incineration systems. The range of total CDD/CDF flue gas concentrations 

measured in the stack emissions of HWis during trial burns across the class of HWI 

facilities, however, has spanned four orders of magnitude (ranging from 0.1 to 1,600 

ng/dscm) (Helble, 1993). The APCD systems are described below: 

Wet Systems: A wet scrubber is used for both particulate and acid gas control. 

Typically, a venturi scrubber and packed-bed scrubber are used in a back-to-back 

arrangement. Ionizing wet scrubbers, wet electrostatic precipitators, and innovative 

venturi-type scrubbers may be used for more efficient particulate control. Wet 

scrubbers generate a wet efflue~1t liquid wastestream (scrubber blowdown), are 

relatively inefficient at fine particulate control compared to dry control techniques, 
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and have equipment corrosion concerns. However, wet scrubbers do provide 

efficient control of acid gases and have lower operating temperatures (compared 

with dry systems), which may help control the emissions of volatile metals and 

organic pollutants. {;'<'.,~,.'\ 

• Dry Systems: In d;·y,syhems, a fabric filter or electrostatic precipitator (ESP) is used 

for particulate control. A fabric filter or ESP is frequently used in combination with 

dry scrubbing for acid gas control. Dry scrubbing systems, in comparison with wet 

scrubbing systems, are inefficient in controlling acid gases. 

• 

• 

Hybrid Systems: In hybrid systems, a dry technique (ESP or fabric filter) is used for 

particulate control, followed by a wet technique (wet scrubber) for acid gas control. 
1 I I 

Hybrid systems have the advantages of both wet and dry systems (lower operating 

temperature for capture of volatile metals, efficient collection of fine particulate, 

efficient capture of acid gases), while avoiding many of the individual 

disadvantages. In some hybrid systems, known as "zero discharge systems," the 

wet scrubber liquid is used in the dry scrubbing operation, thus minimizing the 

amount of liquid byproduct waste . 

Uncontrolled HWis: Facilities that do not use any air pollution control devices fall 

under a separate and unique category. These are primarily liquid waste injection 

facilities, which burn low ash and chlorine content wastes; therefore, they are low 

emitters of PM and acid gases. 

3.2.3. Estimation of CDD/CDF Emission Factors for Dedicated Hazardous Waste 
Incinerators 

For purposes of estimating emission factors, this document considers subdividing 

the combustors in each source category into design classes judged to have similar potential 

for CDD/CDF emissions. As explained below, it was decided not to subdivide dedicated 

HWis. 

Combustion research has identified three mechanisms involved in the emission of 

CDD/CDFs from combustion systems: ( 1 l CDD/CDFs can be introduced into the combustor 

with the feed and pass through the system not completely burned/destroyed; (2) CDD/CDFs 

can be formed by chemical reactions inside the combustion chamber; and (3) CDD/CDFs 

can be formed by chemical reactions outside the combustion chamber. The total CDD/CDF 

emissions are likely to be the net result of all three mechanisms; however, the relative 
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importance of the mechanisms can vary among source categories. In the case of HWis, the 

third mechanism (i.e., post-combustion formation) is likely to dominate, because HWis are 

typically operated at high temperatures and long residence times, and most have 

sophsiticated real-time monitori'~.9 and controls to manage the combustion process. 

Therefore, any CDD/CDFs prese~;-~·}the feed or formed during combustion are likely to be 
' . 

destroyed before exiting the combustion chamber. Consequently, for purposes of 

generating emission factors, it was decided not to subdivide this class on the basis of 

furnace type. 

Emissions resulting from the post-combustion formation in HWis can be minimized 

through a variety of technologies: 
i I ~ I 

• Rapid Flue Gas Quenching: The use of wet and dry scrubbing devices to remove 

acid gases usually results in the rapid reduction of flue gas temperatures at the inlet 

to the PM APCD. If temperature is reduced below 200°C, the low-temperature 

catalytic formation of CDD/CDFs is substantially retarded. 

• Use of Particulate Matter (Pm) Air Pollution Control Devices: PM control devices can 

effectively capture condensed and adsorbed CDD/CDFs that are associated with the 

entrained particulate matter (in particular, that which is adsorbed on unburned 

carbon containing particulates). 

• Use of Activated Carbon: Activated carbon injection is used at some HWis to 

collect (sorb) CDD/CDFs from the flue gas. This may be achieved using carbon bed:; 

or by injecting carbon and collecting it in a downstream PM APCD. 

All of these approaches appear very effective in controlling dioxin emissions at 

dedicated HWis, and insufficient emissions data are available to generalize about any minor 

differences. Consequently, for purposes of generating emission factors, it was decided not 

to subdivide this class on the basis of APCD type. 

EPA compiled a data base summarizing the results of stack testing for CDDs and 

CDFs at 17 HWis (U.S. EPA, 1996c). Most facilities were tested between 1993 and 

1996. For purposes of this report, CDD/CDF emission factors were estimated based on 

the results of the emission tests contained in this data base. The breakdown of furnace 

• types of tested HWI facilities is as follows: 10 rotary kiln incinerators, 4 liquid injection 

incinerators, 1 fluidized-bed incinerator, and 2 fixed-bed. 
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As stated earlier, EPA/ORO decided not to subclassify the dedicated HWI designs for 

purposes of deriving an emission factor (EF). Instead, the EF was derived as an average 

across all 17 tested facilties. First, an average emission factor was calculated for each of 

1 7 HWis with Equation 3-J;.,• ...• , 
.~ ..• , ·:,. ' 

Where: 

F,. 

' . c X F,. 
(Eqn. 3-3) 

Emission factor (average ng TEO per kg of waste burned). 
TEO or CDD/CDF concentrat~on1 

ih flue gases (ng TEO/dscm) (20 ,C, 
atm; adjusted to 7% 0 2 ). 

Volumetric flue gas flow rate (dscm/hr) (20°C, atm; adjusted to 7% 

02). 
Average waste incineration rate (kg/hr). 

After developing average emission factors for each HWI, the overall average' congener

specific emission factor was derived for all 17 tested HWis using Equation 3-4. 

( EFmn + EFHWI + EFHWI ........ EFHWI ) 
I Z J 18 

(Eqn. 3-4) 

Where: 
EFHWJ = Average emission factor of 18 tested MWis. ng/kg 

Table 3-6 presents the average emission factors developed for specific congeners, total 

CDDs/CDFs, and TEOs for operating HWis. The average congener emission profiles for the 

17 HWis are presented in Figure 3-10. The average TEO emission factor for the 17 tested 

HWis is 3.8-ng TEO/kg of waste feed (assuming not detected values are zero). 

3.2.4. Emission Estimates for Dedicated Hazardous Waste Incinerators 

Although emissions data on a relatively high number of dedicated HWis were 

available (i.e., 17 of 162 have been tested), the emission factor estimate is assigned a 

"medium" confidence rating due to uncertainties resulting from: 

Extreme heterogeneity of the waste feeds. The physical and chemical composition 
of the waste can vary from facility to facility and even within a facility. 
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Consequently, CDD/CDF emissions measured for one feed may not be representatiVE! 
of other feeds. 

Trial burns. Much of the CDD/CDF emissions data were collected during trial burns, 
which are required as part of the RCRA permitting process and are used to establish 
Destruction Rated Efficie~~Y"~ principal hazardous organic constituents in the 
waste. During trial burn~'>a ptototype waste is burned, which is intended to 
maximize the difficulty in achieving good combustion. For example, chlorine, 
metals, and organics may be added to the waste. The HWI may also be operated 
outside normal operating conditions. The temperature of both the furnace and the 
APCD may vary by a wide margin (high and low temperatures), and the waste feed 
system may be increased to maximum design load. Accordingly, it is uncertain how 
representative the CDD/CDF emissions measured during the trial burn will be of 
emissions during normal operating conditions. 

! 
\ I I 

Dempsey and Oppelt ( 1993) estimated that up to 1 .3-million metric tons of 

hazardous waste were combusted in dedicated HWis during 1987. The best estimate of 

the amount of hazardous waste combusted in 1995 is 1 .5-million metric tons (Federal 

Register, 1996b). The activity level estimate for 1995 is assigned a "high" confidence 

rating, because it is based on a thorough review of the various studies and surveys 

conducted in the 1990s to assess the quantity and types of hazardous wastes being 

managed by various treatment, storage, and disposal facilities. A confidence rating of 

"medium" is assigned to the activity level estimate for 1987. 

The annual TEO emissions for the reference years 1995 and 1 987 were estimated 

using Equation 3-5. 

Where: 

EHWI == 

EFHWI = 
AHWI == 

(Eqn. 3-5) 

Annual emissions from all HWis, tested and non-tested (g TEO/yr) 
Mean emission factor for HWis (ng TEO/kg of waste burned) 
Annual activity level of all operating HWis (million metric tons/yr) 

Applying the average emission factor for dedicated HWis (3.8-ng TEO/kg waste) to 

these production estimates yields estimated emissions of 5.7-g TEO in 1995 and 5.0-g TECl 

in 1987 for HWis. The "medium" confidence rating assigned to the emission factor, 

combined with the high confidence rating for the 1995 activity level and medium 
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confidence rating for the 1987 activity level, yields an overall medium confidence rating for 

both years. Accordingly, the estimated range of annual emissions is assumed to vary by a 

factor of five between the low and high ends of the range. For 1995, the range of TEO 

emissions is estimated to ~-J,~:.~ to 12.8~g TEO/yr. For 1987, the range of TEO emissions 

is estimated to be 2.2- to 1'1~2-g TEO/yr. 

EPA/OSW has also developed estimates of the COO/COF emissions from dedicated 

HWis as part of the development of the Hazardous Waste Incineration Rule (U.S. EPA, 

1997d). Like ORO, OSW also decided not to subdivide the dedicated HWis on the basis of 

design. Instead of an emission factor approach, OSW used an imputation method to 

estimate emissions at untested facilites. This procedure involved randomly selecting 
# I \. \ 

measured CDD/CDF flue gas concentrations (ng/dscm) from the pool of tested HWI 

facilities and assigning them to the untested facilites. With this procedure, all non-tested 

HWis have an equal chance of being assigned any flue gas concentration from the pool of 

measured values. The flue gas concentrations were combined with flue gas flow rates for 

each facility to estimate the emission rate. A key difference in these approaches is that 

ORO uses waste feed rate directly in the calculation of emissions and the OSW approach is 

independent of waste feed rate. Both procedures are reasonable ways to deal with the 

broad range of uncertainties and both yield similar emission estimates. ORO has not 

identified any inherent advantage of one approach over the other and elected to use the 

emission factor approach primarily because it is consistent with the methods used in this 

document to characterize COD/CDF emissions from all other source categories. 

3.2.5. Industrial Boilers and Furnaces Burning Hazardous Waste 

In 1991, EPA established rules that allow the combustion of some liquid hazardous 

waste in industrial boilers and furnaces (Federal Register, 1991 c). These facilities typically 

burn oil or coal for the primary purpose of generating electricity. Liquid hazardous waste 

can only be burned as supplemental (auxiliary) fuel, and usage is limited by the rule to no 

more than 5 percent of the primary fuels. These facilities typically use an atomizer to inject 

the waste as droplets into the combustion chamber and are equipped with particulate and 

acid gas emission controls. In general, they are sophisticated, well controlled facilities, 

which achieve good combustion . 

The national data base contains congener-specific emission concentrations for two 

tested boilers burning liquid hazardous waste as supplemental fuel. The average congener 
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and congener group emission profiles for the industrial boiler data set are presented in 

• Figure 3-11. The average congener and TEO emission factors are presented in Table 3-6. 

:e 

The limited set of emissions data prevented subdividing this class for the purpose of 

deriving an emission factor. The equation used to derive the emission factor is the same as 
~~ 

Equation 3-4 above. The average fE'\) emission factor for the two industrial boilers is 0.64-
- .. ~" ·).. . 

ng TEO/kg of waste feed. This emission factor is assigned a "low" confidence rating, 

because it reflects testing at only 2 of the 136 hazardous waste boilers/furnaces. 

Dempsey and Oppelt (1993) estimated that approximately 1.2-billion kg of 

hazardous waste were combusted in industrial boilers/furnaces in 1 987. EPA estimates 

that in 1995 approximately 0.6-billion kg of hazardous waste were combusted in industrial 

boilers/furnaces (Federal Register, 1996b). The activity\le\;el estimate for 1995 is assigned 

a "high" confidence rating, because it is based on a thorough review of the various studies 

and surveys conducted in the 1990s to assess the quantity and types of hazardous wastes 

being managed by various treatment, storage, and disposal facilities (Federal Register, 

1996b). A confidence rating of "medium" is assigned to the estimated activity level for 

1987. The 1987 estimate was largely based on a review of State permits (Dempsey and 

Oppelt, 1993). 

Equation 3-5, used to calculate annual TEO emissions for dedicated HWis. was also 

used to calculate annual TEO emissions for industrial boilers/furnaces. Multiplying the 

average TEO emission factor of 0.64-ng TEO/kg of waste feed by the total estimated kg of 

liquid hazardous waste burned in 1995 and 1987 yields the annual emissions in g TEO/yr. 

From this procedure, the emissions from all industrial boilers/furnaces burning hazardous 

waste as supplemental fuel are estimated as 0.38-g TEO/yr in 1995 and 0. 77-g TEO/yr in 

1987. Because of the low confidence rating for the emission factor, the overall confidence 

rating is low for both the 1987 and 1995 emission estimates. Accordingly, it is assumed 

that the uncertainty range around the best estimate varies by a factor of 10 between the 

low and high ends of the range. Thus, the uncertainty ranges are 0.1 2- to 1.2-g TEQ/yr for 

1995 and 0.24- to 2.4-g TEO/yr for 1987. 

3.3. MEDICAL WASTE INCINERATION 

Medical waste incineration (MWI) is the controlled burning of solid wastes generated 

primarily by hospitals, veterinary, and medical research facilities. The U.S. EPA defines 

medical waste as any solid waste generated in the treatment, diagnosis, or immunization of 
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humans or animals, or research pertaining thereto, or in the production or testing of 

biologicals (Federal Register, 1997b). The primary purposes of MWI are to reduce the 

volume and mass of waste in need of land disposal, and to sterilize the infectious materials. 
' ' The following subsections revielo( the basic types of MWI designs used to incinerate 

medical waste, review th/d'istri8~tion of APCDs used on MWis, summarize the derivation 

of dioxin TEO emission factors for MWis, and summarize the national dioxin TEO emission 

estimates for reference years 1995 and 1987. 

3.3.1. Design Types of MWis Operating in the United States 

For purposes of this document, EPA has classified MWis into three broad technology 
I L \ 

categories: modular furnaces using controlled-air, modular furnaces using excess-air, and 

rotary kilns. Of the MWis in use today, the vast majority are believed to be modular 

furnaces using controlled-air. EPA has estimated that 97 percent are modular furnaces 

using controlled-air, 2 percent are modular furnaces using excess air, and 1 percent are 

rotary kiln combustors (U.S. EPA, 1997b). 

Modular Furnaces Using Controlled-air: Modular furnaces have two separate 

combustion chambers mounted in series (one on top of the other). The lower chamber is 

where the primary combustion of the medical waste occurs. Medical waste is ram-fed into 

the primary chamber, and underfire air is delivered beneath the incinerator hearth to sustain 

good burning of the waste. The primary combustion chamber is operated at below 

stoichiometric levels, hence the terms "controlled" or "starved-air." With sub

stoichiometric conditions, combustion occurs at relatively low temperatures (i.e., 760 to 

985 °C). Under the conditions of low oxygen and low temperatures, partial pyrolysis of the 

waste occurs, and volatile compounds are released. The combustion gases pass into a 

second chamber. Auxiliary fuel (such as natural gas) is burned to sustain elevated 

temperatures (i.e., 985 to 1,095 'C) in this secondary chamber. The net effect of exposing 

the combustion gases to an elevated temperature is more complete destruction the organic 

contaminants entrained in the combustion gases emanating from the primary combustion 

chamber. Combustion air at 100 to 300 percent in excess of stoichiometric requirement is 

usually added to the secondary chamber. Gases exiting the secondary chamber are 

directed to an incinerator stack (U.S. EPA, 1997b; U.S. EPA, 1991d; Buonicore, 1992b) . 

Figure 3-12 displays a schematic of a typical modular furnace using controlled-air. Because 

of their lov; cost and good combustion performance, this design has been the most popular 
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choice for MWis and has accounted for more than 95 percent of systems installed over the 

past two decades (U.S. EPA, 1990d; U.S. EPA, 1991d; Buonicore, 1992b). 

Modular Furnaces Using Excess-air: These systems use the same modular furnace 

configuration as described abov_8tJor\.he controlled air systems. The difference is that the 

primary combustion chamber is'dJil,er1'lt'ed at air levels of 100 percent to 300 percent in 

excess of stoichiometric requirements. Hence the name "excess-air." A secondary 

chamber is located on top of the primary unit. Auxiliary fuel is added to sustain high 

temperatures in an excess-air environment. Excess-air MWis are typically smaller in 

capacity than controlled-air units and are usually batch-fed operations. This means that the 

medic~! waste is ram-fed into the unit and allowed to burn completely before another batch 
. ' I ' 

of medical waste is added to the primary combustion chamber. 

Rotary Kiln MWI: This technology is similar in terms of design and operational 

features to the rotary kiln technology employed in both municipal and hazardous waste 

incineration. (See description in Section 3.1.} Because of their relatively high capital and 

operating costs, few rotary kiln incinerators are in operation for medical waste treatment 

(U.S. EPA, 1990d; U.S. EPA, 1991 d; Buonicore, 1 992b}. 

MWis can be operated in three modes: batch, intermittent, and continuous. Batch 

incinerators burn a single load of waste, typically only once per day. Waste is loaded, and 

ashes are removed manually. Intermittent incinerators, loaded continuously and frequently 

with small waste batches, operate less than 24 hours per day, usually on a shift-type basis. 

Either manual or automated charging systems can be used, but the incinerator must be shut 

clown for ash removal. Continuous incinerators are operated 24 hours per day and use 

automatic charging systems to charge waste into the unit in small, frequent batches. All 

continuous incinerators operate using a mechanism to automatically remove the ash from 

the incinerator (U.S. EPA, 1990d; U.S. EPA, 1991 d). 

:L3.2. Characterization of MWis for Reference Years 1995 and 1987 

MWI remains a poorly characterized industry in the United States in terms of 

knowing the exact number of facilities operational over time, the types of APCDs installed 

on these units, and the aggregate volume and weight of medical waste that is combusted 

in any given year (U.S. EPA, 1997b). The primary reason for this is that permits were not 

generally required for the control of pollutant stack emissions from MWis until the early 

1990s when State regulatory agencies began setting limits on emissions of particulate 
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matter and other contaminants (Federal Register, 1997b}. Prior to that timeframe, only 

opacity was controlled. 

The information available to characterize MWis comes from national telephone 
l 

surveys, stack emission perlf1rts~nd data gathered by EPA during public hearings (Federal 
,A,,, ·).' 

Register, 1997b). This inforn1ation suggests the following: 

The number of MWis in operation was approximately 5,000 in 1987 (U.S. EPA, 
1987) and 2,375 in 1995 (Federal Register, 1997b). 

The amount of medical waste combusted annually in the Unit~d States was 
approximately 1.43-billion kg in 1987 (U.S. EPA, 1987d) and 0. 77-billion kg in 1995 
(Federal Register, 1997b). 1 \. 1 

These estimates indicate that, between 1987 and 1995, the total number of operating 

MWls and the total amount of waste combusted decreased by more than 50 percent. 

Certain activities caused this to occur, including more stringent air pollution control 

requirements by State regulatory agencies and the development of less expensive medical 

waste treatment technologies, such as autoclaving (Federal Register, 1997b). Because 

many MWls have small waste charging capacity (i.e., about 50 metric tons per day), the 

installation of even elementary APCDs proved not to be cost effective. Thus, a large 

number of facilities elected to close rather than retrofit. 

The actual controls used on MW/s on a facility-by-facility basis in 1987 are 

unknown, and EPA generally assumes that MWis were mostly uncontrolled (U.S. 

EPA, 1987d). However, the modular design does cause some destruction of organic 

pollutants within the secondary combustion chamber. Residence time within the secondary 

chamber is key to inducing the thermal destruction of the organic compounds. Residence 

time is the time that the organic compounds entrained within the flue gases are exposed to 

elevated temperatures in the secondary chamber. EPA has demonstrated with full-scalE! 

MWis that increasing residence time from 1/4 second to 2 seconds in the secondary 

chamber can reduce organic pollutant emissions, including CDD/CDFs, by up to 90 percent 

(Federal Register, 1997b). In this regard, residence time can be viewed as a method of air 

pollution control. 

EPA estimates that about two-thirds of medical waste burned in MWis in 1995 went 

to facilities equipped with some method of air pollution control (Federal Register, 1997b). 

The types of APCDs installed and the methods used on MWis include: dry sorbent injection, 
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fabric filters, electrostatic precipitators (ESPs), wet scrubbers, and fabric filters combined 

with packed-bed scrubbers (composed of granular activated carbon). Some organic 

constituents in the flue gases can be adsorbed by the packed bed. Within the uncontrolled 

class of MWis, about 1 2 percenl..-Qf,he waste were combusted in facilities with design 

capacities of < 200 lbs/hr, with''t~ehiajority of waste burned facilities > 200 lb/hr. The 

estimated breakdown of controlled facilities is: 70 percent of the aggregate activity level 

are associated with facilities equipped with either wet scrubbers, fabric filters, or ESPs; 

29.9 percent are associated with facilities utilizing dry sorbent injection, combined with 

fabric filters, and less than 1 percent is associated with facilities having the fabric 

filter/~acked-bed APCD (AHA, 1995; Federal Register, 1997b). 
· 1 I I 

3.3.3. Estimation of CDD/CDF Emissions From MWls 

Only 1 percent of existing facilities (i.e., 24 MWis) has been stack sampled for 

CDD/CDFs. Consequently, most facilities have unmeasured emission levels of dioxin-like 

compounds. Because so few have been evaluated, the estimation of annual air emissions 

of CDD/CDFs from MWis is quite dependent on extrapolations, engineering judgement, and 

the use of assumptions. In addition, the information about the activity levels of these 

facilities is also quite limited. With these data limitations, two approaches have been used 

in the past to estimate CDD/CDF emissions from MWis, and a third is proposed here. 

These three approaches are as follows: 

1. EPA/OAQPS Approach: EPA's Office of Air Quality Planning and 

Standards used this approach in support of the promulgation of final 
air emission standards for hospital/medical/infectious waste 
incinerators (Federal Register, 1997b). 

2. AHA Approach: The American Hospital Association proposed an approach in 
its comments on drafts of this document and on the proposed MWI emissions 
regulations (AHA, 1995). 

3. EPA/ORO Approach: In preparation of this document, EPA's Office of 
Research and Development (ORO) has developed a third approach. 

Given the limitations with existing information, both the EPA/OAOPS ahd AHA approaches 

are reasonable methods for calculating annual releases of CDD/CDFs from MWis. Both 

methods relied heavily on a series of assumptions to account for missing information. In 

developing a third approach, EPA/ORO built upon the other two approaches by utilizing the 
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most logical features of each. Because of the uncertainties with existing data, it is 

currently not known which approach gives the most accurate estimate of CDD/CDF air 

emissions from all MWis, nationwide. The three approaches yield different air emission 

estimates, but the estimat~s.,.c_JIJ'\gree within a factor of four. As discussed below, the 

EPA/ORD approach used tfi'e~~trengths of the other two approaches, and represents some 

improvement in estimating CDD/CDF emissions. 

3.3.4. EPA/OAOPS Approach for Estimating CDD/CDF Emissions from MWis 

On September 15, 1997, EPA promulgated final standards of performance for new 

and existing MWis under the Clean Air Act Amendments (Federal Register, 1997b). 
! \ I, ' 

CDD/CDF stack emission limits for existing MWis were established as follows: 125 

ng/dscm of total CDD/CDF (at 7 percent 0 2 , 1 atm), equivalent to 2.3 ng/dscm TEO. In 

order to evaluate emissions reductions that will be achieved by the standard, OAOPS 

estimated, as a baseline for comparison, nationwide annual CDD/CDF emissions from all 

MWis operating in 1995. 

3.3.4.1. EPA!OAQPS Approach for Estimating Activity Level 

As a starting point for deriving the national estimates, OAOPS constructed an 

inventory of the numbers and types of MWis believed to be operating in 1995. The 

inventory was based on an inventory of 2,233 MWis prepared by the American Hospit<il 

Association (AHA, 1995), supplemented with additional information compiled by EPA. This 

created a listing of 2,375 MWis in the United States. Next a series of assumptions were 

used to derive activity level estimates, as follows: 

1. The analysis divided MWis into three design types based on the mode of 

2. 

daily operation: batch, intermittent, and continuous. This was done usin9 the 
information from the inventory on design-rated annual incineration capacity of 
each facility. The smaller capacity units were assumed to be batch 
operations, and the others were classified as either intermittent or 
continuous, assuming a ratio of three to one. 

The activity level of each facility was estimated by multiplying the design

rated annual incineration capacity of the MWI (kg/hr) by the hours of 
operation (hr/yr). The annual hours of operation were determined by 
assuming a capacity factor (defined as the fraction of time that a unit 
operates over the year) for each design type of MWI (Randall, 1995). Table 
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3-7 is a summary of the OAOPS estimated annual operating hours per MWI 
design type. 

3.3.4.2. EPA!OAQPS Approach for Estimating CDD!CDF Emission Factors 
{~·-·· 

Based on information ob,~ain~ from AHA and State regulatory agencies, one-third of 
'· . 

the population of MWis operating'in 1995 was etimated to have had no APCDs (i.e., were 

uncontrolled), and two-thirds had some type of APCD. CDD/CDF TEO emission factors 

were then developed for uncontrolled and controlled MWis. The procedure was as follow!;: 

Estimating TEQ Emission Factors for Uncontrolled Facilities: The uncontrolled 

category of facilities was subdivided by residence time of the secondary combustion 

cha~ber. Based on tests at three MWis, OAOPS conCJiu~ed that stack emissions of 

CDD/CDFs from uncontrolled facilities were dependent on the residence time (i.e., the 

duration of time the compounds are exposed to elevated temperatures within the secondary 

combustion chamber) (Strong, 1996). The tests demonstrated that when the residence 

time in the secondary chamber was short (i.e., < 1 sec), the stack emissions of 

CDDC/CDFs would increase; conversely, the longer the residence time (i.e., > 1 sec), the 

CDD/CDF emissions decrease. The emissions testing at these MWis provided the basis for 

the derivation of CDD/CDF TEO emission factors for residence times of 1 /4-sec, 1-sec and 

2-sec. Table 3-8 is a summary of the emission factors developed for each MWI type as a 

function of residence time. 

The OAOPS inventory of MWis in 1995 did not provide residence times for each 

facility. OAOPS overcame this data gap by assuming that residence time in the secondary 

combustion chamber approximately corresponds with the particulate matter (PM) stack 

emission limits established in State air permits. This approach assumed that the more 

stringent PM emission limits would require longer residence times in the secondary chamber 

in order to further oxidize carbonaceous soot particles and reduce PM emissions. Table 3-:3 

lists the assumed residence times in the secondary chamber corresponding to various State 

PM emission limits. State Implementation Plans (SIPs) were reviewed to determine the PM 

emission limits for incinerators, and from this review, both a residence time and a TEO 

emission factor were assigned to each uncontrolled MWI on the.inventory. 

Estimating TEO Emission Factors for Controlled MWis: Two-thirds of the MWI 

population were assumed to have some form of APCD. As previously discussed, APCDs 

typically used by MWis consist of one or more of the following: wet scrubber, dry scrubber, 
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and fabric filter combined with a packed bed. The EPA/OAOPS approach also included the 

addition of activated carbon to the flue gases as a means of emissions control (i.e., dry 

scrubbers combined with carbon injection). TEO emission factors were developed for these 

control systems based on in~~.~,tor emissions testing data gathered in support of the 

regulations (U.S. EPA, 1997'b~,- -!i!~cause the inventory did not list the APCDs for all MWis, 

State requirements for PM control were used to make assumptions about the type of APCD 

installed on each f~cility in the inventory. These assumptions are summarized in Table 3-9. 

3.3.4.3. EPAIOA OPS Approach for Estimating Nationwide CDD/CDF TEO Air 
Emissions 

! \ \,I 

Annual TEO emissions for each MWI facility were calculated as a function of the 

design capacity of the incinerator, the annual waste charging hours, the capacity factor, 

and the TEO emission factor as shown in Equation 3-6. 

Where: 

Emmwi 
c 
H 

c, 
FTEQ 

Emrm;i 

Annual MWI CDD/F TEO stack emissions (g/yr) 
MWI design capacity (kg/hr) 
Annual medical waste charging hours (hr/yr) 
Capacity factor (unitless) 
CDD/CDF TEO emission factor (g TEO/kg) 

(Eqn. 3-6) 

The annual TEO air emission of all MWis operating in 1995 is the sum of the annual 

emissions of each of the individual MWis. The following equation is applied to estimate 

annual TEO emissions from all MWis. 

EmmwJnationwide) = L ( Em - ) + ( Em . ) + . . . . . . . ( Em . ) 
mwr I rrr.n 2 mwt237 5 (Eqn. 3-7) 

Where: 

Emmwi(nationwide) Nationwide MWI TEO emissions (g/yr) 
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Table 3-9 is a summary of annual CDD/CDF TEO emissions for 1995 estimated using the 

EPA/OAOPS Approach. 

3.3.5. AHA Approach for Esti~li~ CDD/CDF Emissions from MWis 

In 1995, the Americar{kqs-Piial Association (AHA) submitted written comments to 

EPA in response to EPA's request for public comment of the 1994 draft public release of 

this document (AHA,-1995). As part of these comments, the AHA attached an analysis of 

CDD/CDF emissions from MW/s prepared by Doucet (1995) for the AHA. Doucet (1995) 

estimated the total number of MWis operating in 1995, the distribution of APCDs, 

CDD/CDF TEO emission factors, and the nationwide TEO emissions. Th'e following is a 
! \ \ .. \ 

brief discussion of the AHA inventory and the Doucet (1995) analysis. 

From a national telephone survey of member hospitals conducted between 

September and November 1994, the AHA developed what is generally considered as the 

first attempt to systematically inventory MWis in the United States. Approximately 6 

percent of the hospitals with MWis were contacted (AHA, 1997). The AHA survey showed 

that, as of December, 1994, 2,233 facilities were in operation. Doucet (1995) subdivided 

the AHA MWI inventory into two uncontrolled categories on the basis of combustor design

rated capacity and two controlled categories on the basis of APCD equipment. Doucet 

(1995) then developed CDD/CDF emission factors for each category of MWis. Test reports 

o-f 19 MWis were collected and evaluated. Average CDD/CDF TEO flue gas concentrations 

(i.e., ng/dscm @7 percent 0 2) were derived by combining tests from several MWis in each 

capacity range category and APCD. The average TEO flue gas concentrations were then 

converted to average TEO emission factors, which were in units of lb TE0/1 06 lbs of 

medical waste incinerated (equation for conversion not given). Table 3-10 is a summary of 

TEO emission factors calculated by Doucet (1995) for each level of assumed APCDs on 

MWis. 

Similar to the EPA/OAOPS Approach (Section 3.3.4), the distribution of the APCD 

categories was derived by assuming that State particulate emission (PM) limits would 

indicate the APCD on any individual MWI (Doucet, 1995). Table 3-11 displays the AHA 

assumptions of air pollution control (APC) utilized on MWis based upon PM emission limits. 

With the activity levels, the percent distribution of levels of controls, and the 

CDD/CDF TEO emission factors having been calculated with existing data, the final step of 

the AHA Approach was the estimation of annual TEO emissions (g/yr) from MWis, 
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nationwide. Although no equation is given, it is presumed that the emissions were 

estimated by multiplying the activity level for each MWI size and APCD category by the 

associated TEO emission factor. The sum of these calculations for each designated class 

yields the estimated annuai\TEO emissions for all MWis, nationwide. Doucet (1995) 
~'if"' .• 

indicates that these compat.at,i~1 are appropriate for TEO emissions in 1995. Table 3-12 
', ' 

summarizes the nationwide annual TEO emissions from MWis using the AHA Approach. 

3.3.6. EPA/ORD Approach for Estimating CDD/CDF Emissions from MWis 

Because of limitations in emissions data and on activity levels, the EPA/ORO 

approach used many of the logical assumptions developed in the EPA/OAOPS and AHA 

a'pproaches. The discussion below describes the r~ticin1ale for how these decisions were 

made, and presents the resulting emission estimates. 

3.3.6.1. EPA/ORD Approach for Classifying MW/s and Estimating Activity Levels 

As with the EPA/OAOPS and AHA approaches, the EPA/ORO approach divided the 

MWis into controlled and uncontrolled classes. The decisions about further dividing these 

two classes are described below: 

Uncontrolled MWls: For purposes of assigning CDD/CDF emission factors and 

activity levels to the uncontrolled class of MWls, the EPA/OAOPS approach divided this 

class on the basis of residence time within the secondary combustion chamber. This 

approach has theoretical appeal, because it is logical to expect more complete combustion 

of CDD/CDFs with longer residence times at high temperatures. Unfortunately, the 

residence times on a facility-by-facility basis are not known, making it difficult to assign 

emission factors and activity levels on this basis. As discussed earlier, the EPA/OAOPS 

approach assumed that residence time would strongly correlate with State PM stack 

emission requirements (i.e., the more stringent the PM requirements, the longer the 

residence time required to meet the standard). This PM method for estimating residence 

time resulted in the following distribution of residence times: 6 percent of the waste 

incinerated at MWis with 1/4-sec residence time; 26 percent of the waste incinerated at 

MWis with 1-sec residence time; and 68 percent of the waste incinerated at MWis with 2-

sec residence time. Thus, about two-thirds of the activity level within the uncontrolled 

class were assumed in the EPA/OAQPS approach to be associated with facilities with the 

longest residence time and the lowest CDD/CDF emission factor. 
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The AHA approach subcategorized the uncontrolled class on the basis of design

rated capacity. There is also theoretical support for this approach. Smaller capacity 

operations (i.e., < 200 lb/hr) are likely to have higher emissions, because they are more 

likely to be operating in a batch m~pe. The batch mode results in infrequent operation with 

more start-up and shut-down cyc"l'e~:·:'}hus, the batch-operated MWI usually spends more 

time outside of the ideal range of operating conditions. In support of this approach, the 

AHA presented limited en1pirical evidence indicating that CDD/CDF emission factors 

calculated from emission test reports for the low capacity units were about a factor of two 

higher than the emission factors for the high capacity units (Doucet, 1995). 

Thus, both the EPA/OAOPS and AHA approaches have a sound theoretical basis but 
! 

lack strong supporting data. In order to decide which of 1th~ two approaches to use, ORO 

first tested the assumption that there is a strong relationship between State PM 

requirements and residence time. ORO conducted a limited telephone survey of regulatory 

agencies in four States where a farge number of MWI facilities were in operation: Michigan, 

Massachusetts, New Jersey, and Virginia (O'Rourke, 1996}. The results of the limited 

survey, summarized in Table 3-13, did not verify the existence of a strong dependent 

relationship between PM emission limits and residence time in the secondary chamber at 

MWfs. 

Next, the available emission testing data for small and high capacity units (i.e., less 

than and greater than 200 fb/hr) were evaluated to determine if, as posited in the AHA 

approach, smaller capacity units have greater emission factors than large capacity units. 

This evaluation indicated a distinct difference in the emission factors between the two 

capacity categories, although the difference in the set of data evaluated was not as great 

as the difference observed in the data set evaluated in the AHA approach. The EPA/ORO 

approach, therefore, adopted the subcategorization scheme used in the AHA approach. 

Controlled MWis: Both the EPA/OAQPS approach and the AHA approach 

subcategorized the controlled MWis on the basis of APCD equipment. However, the two 

approaches differed in the subcategories developed. The AHA approach divided the 

controlled class into two groups: facilities equipped with wet scrubbers (alone, with an 

ESP, or with a fabric filter), and facilities equipped with dry sorbent injector and a fabric 

filter (Doucet, 1995). The EPA/OAOPS approach divided the controlled class into three 

groups: facilities equipped with wet scrubbers, facilities equipped with dry scrubbers (with 

or without carbon injection), and facilities equipped with fabric filters and packed bed 
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scrubbers. This third category is comprised of a few facilities primarily located in the 

• Northeast United States (O'Rourke, 1996). The EPA/ORO approach adopted the two 

subcategories of the AHA approach and the third subcategory of the EPA/OAOPS 

approach. For 1995, ORD use,d the activity levels for each facility as determined by the . 
~-~ .... 

• 

EPA/OAOPS inventory; the a)::.,([:i~~.evels were then summed across facilities for each 
"'\ ,, 

APCD subclass. 

For 1987, the,·EPA/ORD approach assumed that every MWI was uncontrolled on the 

basis of a EPA study of MWI incineration conducted at that time (U.S. EPA, 1987d). This 

study indicates that MWis operating in 1987 did not need controls, because they were not 

subject to State or Federal limits on either PM or organic pollutant emissions. The activity 

levei estimates were derived from additional EPA studies\ (V.S. EPA, 1987d). This approach 

resulted in the following activity level assumptions for 1987: (a) 15 percent of the activity 

level (i.e., 0.2-bi//ion kg medical waste) were incinerated/yr by MWls with capacities less 

than or equal to 200 lb/hr, and (b) 85 percent of the activity level (i.e., 1-billion kg/yr) were 

incinerated by facilities with capacities greater than 200 lb/hr. 

3.3.6.2. EPAIORD Approach for Estimating CDD!CDF Emission Factors 

EPA/ORD collected the engineering reports of 24 tested MWis. After reviewing 

these test reports, 19 met the criteria for acceptability. (See Section 3.1.3 for further 

details on the criteria.) In some cases, CDD/CDF congener-specific data were not reported, 

or values were missing. In other cases, the protocols used in the laboratory analysis were 

not described; therefore, no determination of the adequacy of the laboratory methods could 

be made. 

The EPA stack testing method (EPA Method 23) produces a measurement of 

CDD/CDFs in units of mass concentration (i.e., nanograms per dry standard cubic meter of 

combustion gas (ng/dscm)) at standard temperature and pressure and one atmosphere ancl 

adjusted to a measurement of 7 percent oxygen in the flue gas (U.S. EPA, 1995b). This 

concentration is assumed to represent conditions at the point of release from the stack into 

the air, and to be representative of routine emissions. The emission factors were derived 

by averaging the emission factors across each tested facility in a design class. The emission 

factor for each tested MWis was calculated using the following equation: 
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EF . = 
nn\'1 (Eqn. 3-8) 

Emission Factor per MWI (average ng TEO per kg of medical 
waste burned). 
Average TEO concentration in flue gases of tested MWis (ng 
TEQ/dscm) (20°C, 1 atm; adjusted to 7% 0 2 ). 

Average volumetric flue gas flow rate (dscm/hr) (20°C, 1 atm; 
adjusted to 7% 0 2 ). 

Average medical waste incit;Jer19tion rate of the tested MWI 
(kg/hr). 

The emission factor estimate for each design class and the number of stack tests used to 

derive it are shown in Table 3-14. Figures 3-12 and 3-13 present congener and congener 

group profiles for air emissions from MWis lacking APCDs and for MWis equipped with a 

wet scrubber/baghouse/fabric filter APCD system, respectively . 

3.3.7. Summary of CDD/CDF Emissions From MWis 

Because the stack emissions from so few facilities have been tested (i.e., 19 test 

reports) relative to the number of facilities in this industry (i.e., 2,375 facilities in 1995 and 

5,000 facilities in 1987) and because several tested facilities are no longer in operation or 

have installed new APCO after testing, the EPA/ORO approach did not calculate nationwide 

CDD/COF emissions by calculating emissions from the tested facilities and adding those to , 

calculated emissions tor the non-tested facilities. Rather, the EPA/ORO approach (as well 

as the EPA/OAOPS and AHA approaches) calculated nationwide COO/COF emissions by 

multiplying the emission factor and activity level developed for each design class and then 

summing the calculated emissions for all classes. Tables 3-14 and 3-15 summarize the 

resulting national TEO air emissions for the reference years 1995 and 1987, respectively. 

In addition, the Tables indicate the activity level and the TEO emission factor used in 

estimating annual TEO emissions. 

In estimating annual TEO emissions in both reference years, a "low" confidence 

rating was assigned to the estimate of the activity level. The primary reason for the low 

confidence rating is that very limited information is available on a facility level basis for 

characterizing MWis in terms of the frequency and duration of operation, the actual wastE! 
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volume handled, and the level of pollution control. The 1987 inventory of facilities was 

based on very limited information. Although the 1995 EPA/OAOPS inventory was more 

comprehensive than the 1987 inventory, it was still based on a fairly limited survey of 

operating facilities (i.e., appr~l(ir:nately 6 percent) . .. ~ .. , 
The emission factod~'SJ:)m'ates were given a "low" confidence rating, because only 

the reports of 19 tested MWI facilities could be used to derive emissions factors 

representing the 2/375 facilities operating in 1995 (i.e., less than 1 percent of estimated 

number of operating facilities). Even fewer tested facilities could be used to represent the 

larger number of facilities operating in 1987 (i.e., 8 tested facilities were used to represent 

5,000 facilities). The limited emission tests available do cover all design categories used 
l 1 L I 

here to develop emission factors. However, because of the large number of facilities in 

each of these classes, it is very uncertain whether the few tested facilities in each class 

capture the true variability in emissions. 

• Reference Year 1995: Based on the low confidence ratings for both the activity 

level and the emission factor, the estimated range of potential annual TEO emissions 

from MWis in 1995 is assumed to vary by a factor of 10 (between the low and high 

ends of the range). From Table 3-14, the central·estimate of TEO emissions in 1995 

is estimated to be 477 g/yr, with a range of 151 to 1,510 g TEO/yr. 

• Reference Year 1987: Based on the low confidence ratings for both the activity level 

and the emission factor, the estimated range of potential annual TEO emissions from 

MWis in 1987 is assumed to vary by a factor of 10 (between the low and high ends 

of the range). From Table 3-15, the central estimate of TEO emissions in 1987 i~; 

estimated to be 2,4 70 g/yr, with a range of 781- to 7,81 0-g TEO/yr. 

As explained above, the EPA/ORD approach to estimating national CDD/CDF TEO 

emissions is a 'hybridization' of the EPA/OAOPS and AHA approaches. Table 3-16 

compares the main features of each of the three approaches. The 1995 TEO emissions 

estimated here (477-g TEO/yr) are about 3.5 times higher than those of OAOPS and AHA 

(141- and 138-g TEO/y, respectively). Most of this difference is due to differences in the 

emission estimates for the uncontrolled facilities (ORD - 436-g TEO/yr, OAOPS - 136-g 
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TEO/yr, AHA- 120-g TEO/yr). An analysis of the differences in how these groups 

estimated emissions from the uncontrolled facilities are presented below: 

Differences between the ~P.A/~D and AHA Approaches: The ORO approach 

adopted the classificatiorl"~-ch~'h;e of the AHA approach for the uncontrolled class 

and assumed similar activity levels. Thus, the difference in emission estimates is 
,. 

primarily due to differences in the emission factors used. Both groups use similar 

emission factors for facilities with design capacities less than or equal to 200 fbs/h, 

but the emission factor for MWis > 200 lbs/hr used in the EPA/ORO approach was 

pigher than that used in the AHA approach by a factor of three. This results from 
. I Ll 

the fact that the two approaches used different sets of emission tests to derive their 

emission factors. 

Differences between the EPA/ORD and EPA/OAQPS Approaches: Because the two 

approaches subcategorized the uncontrolled facilities into different classes, the 

activity levels and emission factors cannot be directly compared. Considering the 

class as a whole, however, both approaches used essentially identical activity levels. 

The EPA/OAOPS approach assigned 68 percent of the total activity to the class with 

the lowest emission factor (i.e., those with > 2-sec residence time). The emission 

factor for this class, 74-ng TEO/kg, is considerably lower than either emission factor 

used in the EPA/ORO approach (1 ,700- and 1 ,860-ng TEO/kg). 

Given the uncertain data base available for making these estimates, it is difficult to 

know which of these three estimation approaches yields the most accurate annual TEO 

estimate. However, despite the differences in methodologies and assumptions used, the 

three approaches yield annual TEO estimates that are not fundamentally different; the 

estimates differ from each other by a factor of four or less. Because the EPA/ORO 

approach was the last of the three to be developed, it has the benefit of being able to 

utilize the most logical and supportable features of the previously developed EPA/OAOPS 

and AHA approaches. 

Regardless of the approach taken to estimate what the COO/COF emissions from 

2,375 MWis were in 1995, the National Emission Standards promulgated by EPA in 

September 1997 (Federal Register, 1997b) require substantial reductions of CDD/COF air 

3-36 April 1998 



• 
DRAFT--DO NOT QUOTE OR CITE 

emissions from MWis. As a result of these standards, MWI emissions will be thoroughly 

assessed for purposes of compliance with the CDD/CDF standard. Compliance testing will 

allow the development of a more comprehensive emissions data base and more accurate 

characterization of this indus\c,v. 
~ "~ ,., 

·"••, "),' 

'· 
3.4. CREMATORIA 

Bremmer et al. {1994) categorized crematoria into two basic operating types: a 

"cold" type and a "warm" type. In the "cold" type furnaces, the coffin is placed inside at a 

temperature of about 300°C. Using a burner, the temperature of the chamber is increased 

to 800-900°C and kept at that temperature for 2 to 2.5 hours. In the' "warm" type 
t 1 I. I 

furnace, the coffin is placed in a chamber preheated to soooc or higher for 1.2 to 1 .5 

hours.· The chamber exhausts from both furnace types are incinerated in an after burner at 

a temperature of about 850°C. Flue gases are then discharged to the atmosphere either: 

(a) directly without cooling; {b) after mixing with ambient air using an air blast to a 

temperature of about 200-350°C; or {c) after mixing with ambient air as in "b," followed by 

further cooling to about 150°C in an air cooler and passage through a fabric filter. 

Bremmer et al. {1994) measured CDD/CDF emissions at two crematoria in The 

Netherlands. The first, a cold-type furnace with direct uncooled emissions, was calculated 

to yield 2.4-,ug TEO per body. The second furnace, a warm type with cooling of flue ga~;es 

to 220oc prior to discharge, was calculated to yield 4.9-,ug TEO per body. The higher 

emission rate for the warm-type furnace was attributed by Bremmer et a!. { 1994) to the 

formation of CDD/CDF during the intentional cooling of the flue gases to 220°C. 

Jager et al. ( 1992) (as reported in Bremmer et al., 1994) measured an emission rate 

of 28-.ug TEO per body for a crematorium in Berlin, Germany. No operating process 

information was provided by Bremmer et a!. { 1 994) for the facility. 

In the United States, CDD/CDF emissions were measured at one crematorium 

{CARS, 1990c) classified as a warm-type facility using the criteria of Bremmer et a!. 

(1994). The combusted material at this facility was comprised of the body, as well as 4 

pounds of cardboard, up to 6 pounds of wood, and an unquantified amount of unspecified 

plastic wrapping. The three emission tests conducted at this facility yielded an average 

emission factor of 0.5-,ug TEO/body. Although this emission factor is very similar to the 

emission factors reported by Bremmer et al. (1994), a "low" confidence rating is assigned 

to the factor, because it represents testing at only one U.S. facility. Table 3-17 presents 
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the congener-specific emission factors for this facility. Figure 3-14 presents CDD/CDF 

congener and congener group emission profiles based on these emission factors. 

In 1995, 1,155 crematories were reported in the United States (Springer, 1997). 
I 
l 

However, there are no readily availa&rn-~ta on the number of "cold" versus "warm" 
. ~1'··, . ),. ' 

crematoria furnaces. In 1995, 21.1 'percent of the deceased bodies were cremated (i.e., 

48El,224 cremations), and 15.2 percent of the deceased were cremated in 1987 (i.e., 
f 

323,371 cremations) (Springer, 1997). Cremations are projected to increase to 25 percent 

in the year 2000 and 37 percent in the year 2010 (Springer, 1997). A high confidence ' 

rating is assigned to these activity level estimates, because they are based on recent data 

provided 9Y the Crematoria Association of North America. . . \ \ .. \ 

Combining the emission rate of 0.5-.ug TEO/body with the number of cremations in 

1995 (488,224) yields an estimated annual release of 0.24-g TEO per year. Based on the 

low confidence rating assigned to the emission factor of 0.5-,ug TEO/body, the estimated 

ran9e of potential emissions is assumed to vary by a factor of 10 between the low and high 

ends of the range. Assuming that the best estimate of annual emissions (0.24-g TEO/yr) is 

the geometric mean of this range, then the range is calculated to be 0.07- to 0.75-g 

TEO/yr. Combining the emission rate of 0.5-,ug TEO/body with the number of cremations in 

1987 (323,371) yields an estimated release of 0.16-g (range 0.05- to 0.51-g TEO/yr). 

3.5. SEWAGE SLUDGE INCINERATION 

The three principal combustion technologies used to incinerate sewage sludge in the 

United States are the multiple-hearth incinerator, fluidized-bed incinerator, and the electric 

furnace {Brunner, 1992; U.S. EPA, 1995b). All of these technologies are "excess-air" 

processes {i.e., they combust sewage sludge with oxygen in excess of theoretical 

requirements). Over 80 percent of operating sludge incinerators are multiple-hearth design. 

About 15 percent are fluidized-bed incinerators, and 3 percent are electric incinerators. 

Other types of technologies not widely used in the United States are single-hearth 

cyclones, rotary kilns, and high-pressure wet-air oxidation (U.S. EPA, 1997b). 

Multiple-hearth Incinerator: This consists of refractory hearths arranged vertically in 

series, one on top of the other. Dried sludge cake is fed to the top hearth of the furnace. 

i The sludge is mechanically moved from one hearth to another through the length of the 

• furnace. Moisture is evaporated from the sludge cake in .the upper hearths of the furnace. 

The center hearths are the burning zone, where gas temperatures reach 871 °C. The 
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Figure 3-1. Typical Mass Bum Waterwall Municipal Solid Waste Incinerator 

Source: U.S. EPA (1997b) 
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Figure 3-2. Typical Mass Burn Rotary Kiln Combustor 

Source: U.S. EPA (1997b) 
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Figure 3-3. Typical Modular Excess-Air Combustor 
Source: U.S. EPA (1997b) 
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Figt1re 3-5. Typical Dedicated RDF-Fired Spreader-~Stoker .Boqer 
Source: U.S. EPA (1997b) 
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Figure 3-6. Fluidized-Bed RDF Incinerator 
Source: U.S. EPA (1997b) 
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AIDIIJS Bum 

Refractory 
Walled 

Rotary Kiln 
Combustor 

Munclpsl Solid Wsste 
lnclnerDtor Design 

Classes for 1987 

Rofuso-DeriYed Fuel- l!lodu/or 

Key: DS/FF = Dry Scrubber combined with a Fabric Filter 
H-ESP = Hot-side Electrostatic Precipitator (Temperature at control device is ~230°C) 
WS = Wet Scrubber 
UNC = Uncontrolled (no APCD) 
EGB = Electro Granular Activated Carbon Bed 
FF = Fabric Filter 

Figure 3-7. MSWI Design Classes for 1987 
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Muncipal Solid Wssts 
Incinerator Design 

Classes for 1995 

Key: DS/Ff = Dry Scrubber combined with a Fabric Filter 
DSI/Ff = Dry Sorbent Injection coupled with a Fabric Filter 
DS/cl/FF == Dry Scrubber -Carbon' Injection-Fabric Filter . 
C-ESP; = Cold-side Electrostatic Precipitator (Temperature at control device is below ~230°CI
H-ESR = Hot-side Electrostatic Precipitator !Temperature at contror device is <o230°C) 
WS ~ Wet: Scrubber . -; 
UNC {= Uncontrolled lno APCO) 
EGB -,; Electro Granular Activated Carbon Bed 

Figure 3-8. MSWI Design Classes for 1995 
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T~1blc 3·1 Inventory o! MSWis in 1995 by Technology, AI)CD, <:md Activity Level 

OS I/ 

l I OSIFF/ WS DSIDSI/ Cl/ DSI/ DSI/ DSI/ 
Cold ESP DSIIH-ESP DS/FF DSICIIFF C·ESP WS/FF C-ESP 05/C-ESP C·ESP H·ESP C-ESP FF EGB ws To1aJ·--

2 0 2 0 0 0 0 0 0 I 0 6 2 0 0 1 2 

:'.OQE,OB 0 1 1 ·lE + 09 0 (\ 0 0 0 0 0 5.07[ +08 2.53E +02 0 0 2 1 OE + 09 

h<~, 
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(\ 0 I 0 0 0 0 0 0 ' 0 0 1 1 0 3 

0 0 169E • 08 0 0 0 0 0 0 0 0 845E +07 I 13E + 08 0 3.66E+08 

4 1 7 0 1 0 0 4 0 0 0 I 0 0 19 

-1 8\E ··09 2.00Et08 2.51[+09 0 5.63E+08 0 0 1 75[ +09 0 0 0 4.?2[ +OH 0 0 7.30E +09 
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!) 1 !)f I 0'.) r,JJriOA 1 78E ' 10 1 l 7E ~ 09 r, 63E +OB 7.82E t 07 5.75E '07 4.49E+09 7 GOE '07 7.7~E•08 ~.on: +OB 1.2H 1 fJ9 1 I JE + 08 2.5JE+OB 2.8BEt10 
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Table 3-1. Inventory of MSWis in 1995 by Technology, APCD, and Activity Level (continued) 

MB/RC = Mass Burn Rotary Kiln · 
MB/REF = Mass Burn Refractory Walled 
MB/WW = Mass Burn Waterwalled 
RDF/Ded = Dedicated Refuse-Derived Fuel 
FB/RDF = Fluidized Bed Refuse-Der"ived Fuel 
MOD/SA = Modular Starved Air ·· ' 
MOD/EA = Modular Excess Aii" 

UNC = Uncontrolled 
Hot ESP = Hot side Electrostatic Precipitator 
Cold ESP = Cold side Electrostatic Precipitator 
DS/FF = Dry Scrubber with Fabric Filter 
FF = Fabric Filter 
EGB = Electro" Gravei Bed 

· ,.- ·· ·· ·ws = Wet Scrubber 

DSI/FF = Dry Sorbent Injection with Fabric Filter 
DS/CI!FF = Spray Dryer - Carbon Injection - Fabric Filter 
DSI/EGB = Dry Sorbent Injection - Electro Gravel Bed 
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TCiblc 3-2. Inventory of MSWis in 1987 by Technology, APCO, and Annual Activity Level 

MSWI Type I UNC I Hot ESP I DS/FF l FF l EGB l WS 

No. of 0 3 0 1 0 0 
FLlcilities 

Activity 0 3.94E + 08 0 1.58E+07 0 0 
Level, kg/yr '>. 

No. of 0 12 1 0 0 7 
FLlcilities 

Activity 0 2.00E+09 1.41E+07 0 0 9.01E+08 
Level, kg/yr 

No. of 0 1 9 1 0 0 0 
FC~cilitics 

Activity 0 5.20E+09 1.55E+08 0 0 0 
Level, kg/yr 

No. of 0 7 0 0 0 2 
Facilities -

~ 

Activity 0 3.01E+09 0 0 0 - 3.38E + 08 
Level,kg/yr 

No. of 0 3 0 0 0 0 
Facilities 

Activity 0 2.53E+08 0 0 0 0 

Level, kg/yr 

April 1998 

l Total l 
4 

4.10E+08 

20 

~~ ,.,f> .. -·~ 

3-.1J4E:4 09 
c¥/' 

20 

5.35E + 09 

9 

3.35E + 09 

3 

2.53E + 08 
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Table 3-2. Inventory of MSWis in 1987 by Technology, APCD, and Annual Activity Level (continued) 

MSWI Type UNC 

MOD/SA No. :of 36 
Facilities 

Activity 5.73E + 08 
Level I kg/yr 

MOD/EA No. of 2 
Facilities 

Activity 4.17E+07 
Level I kg/yr 

Total No. of 38 
Facilities· 

Total Activity ·6.15E+08 
Level I kg/yr 

MB/RC = Mass Burn Rotary _Kil~ ·•· 
MB/REF = Mass :Burn Refractory Walled 
MB/WW = Ma·ss Burn Waterwalled 
RDF/Ded = Dedicat~d Refus~-Derived Fuel 
RDF/cofired ,;, RDF cofired with coal 
MOD/SA Modular Starved Air 
MOD/EA = Modular Excess Air 

Hot ESP " . : ~> bs/~F~~ .. ;. .. /·:,':FF Lr.~: . _ ,~,~--EGs·. :jf~~: 

2 ". 0 ·' - 3 0 

1.17E + 08 0 1.43E+08 0 

0 0 0 1 

0 0 0 6.76E+07 

54 2 4 1 

1.12E+10 2.96E + 08 1.59E+08 6.76E+07 

UNC = Uncontrolled 
Hot ESP = Hot side Electrostatic Precipitator; 
O'S/FF = Dry Scrubber with Fabric Filter -
FF = Fabric Filter 
EGB' ~· Electro Gravel Bed 

WS = Wet Scrubber 
kg/y = kilogram per year 

April 1998 
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Table 3-3 Dioxin TEO Emission Factors (ng TEO per kg waste\ for Municipal,.Solid Waste Incineration 

Municipal Solid 
Waste Air Pollution Average TEO 
lncinero~or Control Emission 
Design Device Factor (ng/kg) Basis and Rationale 

Mass Burn C-ESP 601 Based on MB-WW; DS/C-ESP, same furnace and most similar APCD temperature 
WaterwCJII DS/C-ESP 601 Based on direct tests 

' ·,~ 

DS/CI/FF 1 05 Based on direct tests 
DS/FF 0063 Based on direct tests 
DSI/CI/H-ESP 7074 B<Jsed on direct tests ~.:.r-, 

' 
·<.1",,. .... 

DSI/FF 1 0 91 Based on direct tests 
" 

$ 

DSIIH-ESP 7 074 Bosed on MB·WW; DSliCliH-ESP, same 1urnoce e~nd most similar APCD ~~7erature 
H-ESP 473 Based on direct tests 0 

Mass Burn C-ESP 236 B<Jsed on direct tests 
Refractory DS/C-ESP 51 0 1 Based on direct tests 

DS/FF 0063 Based on MB-WW; DSIFF, most similar furnace and same APCD 
OS I iFF 1 0 91 Based on MB-WW; DSI/FF, most similar furnace and same APCD 
H-ESP 473 Based on MB-WW; H-ESP, most similar furnace and same APCD 
ws 236 Based on MB-Ref;C-ESP, same furnace and similar APCD temperature 

Mass Burn C-ESP 47 Based on MB-RK; DSI/FF, same furnace and simil""'r emission control 
Rotary Kiln DS/FF 00646 Based on direct tests -

DSI/C-ESP 47 Based on MB-RK; DSI/FF, same furnace and similar emission control 
DSI/FF 47 Based on direct tests 
FF 47 Based on MB-RK; DSI/FF, same furnace and similar emission control 
H-ESP 285 Based on direct tests 

RDF Dedicated C-ESP 231 Based on direct tests 
DS/C-ESP 0.527 Based on direct tests 
OS Iff= 0024 Based on direct tests 
DS/FF/C-ESP 0024 Based on RDF-Ded; DS/FF, same furnace and similar APCD 
DSI/FF 231 Based on RDF-Ded; C-ESP, same furnace and similar emission control 
DSI/H-ESP 231 Based on RDF-Ded; C-ESP, same furnace and similar emission control 

H-ESP 1490 Based on direct tests 
ws 231 Based on RDF-Ded; C-ESP, same furnace and similar APCD temperature 
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T<1ble 3-3 Dioxin TEO Emission F0ctors (ng'TEQ per kg waste) for Municipal Solid Waste lnciner_ation (continued) 

Municipal Solid 
Waste 
Incinerator 
Design 

Modular 
Stmved-air 

Modular 
Excess-air 

Fluidized-bed 
RDF 

Key: ng/kg 
DS/FF 
OS !IFF 

DS/CI/FF 
C-ESP 
H-ESP 

ws 
UNC 
EGB 

Air Pollution 
Control 

·Device .. :' .. 
C-ESP 
DS/DSI/C-ESP 
DSI/FF 
F.F 

H-ESP 
UNC 
ws 
WS/FF 

C-ESP 
DS/FF 

DSI/FF 
DSI/H-ESP 
EGB 
H-ESP 
UNC 
ws 
WS/C-ESP 

DS/FF 
DSI/EGB 
DSI/FF 

Average TEO 
Emission 

~· Factor (:ng/kg) 

16 -
., 

16 
0.0247 

' 16 

; 79 
0.0247 
16 
16 

16 
16 

0.024 7 
118 
0.024 7 
11 8 
0.024 7 
1 6 
16 

0.63 
0.63 

. 0.63 .. 

--

.-

Basis ·and Rationale 

Based on Mod-EA; C-ESP, similar furnace (modular design) and same APCD 
Based on Mod-EA; C-ESP, similar furnace (modular design) and similar emission control 
Based on direct tests 
Based on Mod-EA; C-ESP, similar furnace (modular design) and similar emission control 
Based on direct tests 
Based on Mod-SA; DSI/FF, same furnace and most similar expected emissions 
Based on Mod-EA; C-ESP, similar furnace (modular design) and similar APCD temperature 
Based on Mod-EA; C-ESP, similar furnace (modular design) and similar AP0o;]!tl-R1perature 

sased on direct tests ~"' ~ t 
Based on Mos-EA; C-ESP, same furnace and similar temperature in APCD •'(,.d;ay over-estimate 
emissions 
Based on Mod-SA; DS!/FF, similar (modular design) furnace and same APCD 
Based on Mod-EA; H-ESP, same furnace and similar emissions 
Based on Mod-SA; DSI/FF, same furnace and most similar expected emissions 
Based on direct tests 
Based on Mod-SA; DSI/FF, same furnace and most similar expected emissions 
Based on Mod-EA; C-ESP, same furnace and simiJ.?r APCD temperature 
Based on Mod-EA; C-ESP; same furnace and similgr APCD 

Based on MB-WW; DS/FF, similar furnace and same APCD 
Based on MB-WW; DS/FF, similar furnace- may under-estimate emissions 
BnsP.rl on MB-WW: DS/FF similar furnacP. - mr1v under-estimate emissions 

= Nanograms TEO per kilograms waste 
= Dry scrubber combined with a fabric filter 

Dry sorbent injection coupled with a fabric filter 
= Dry scrubber coupled with carbon injection and a fabric filter 

·Cold-sided electrostatic precipitator (temperature at control device is below 220oC 
Hot-sided electrostatic precipitator (temperature at control device is above 220oC 

Wet scrubber 
Uncontrolled (no APCD) 
Electro-granular activated carbon bed 
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Table 3-4 Annual TEO Emissions (g/yr) From MSWis Operating in 1995 

Emissions Average TEO 
Air Pollution From Tested Emission 

Municipal Solid Waste Control Facilities Factor 
Incinerator Design Device (g TEO/yrl (ng/kg) 

1\lass Burn Waterwall CESP {.._..,., 2 0~ 6.1 
DS C-ESP 6.1 
OS Cl FF . ···, • ·t, 0.635 1.5 
OS FF ' 2 01 0.63 
OSI.'CI/H·ESP 2 12 -
DSI'FF 0.279 
DSI'H-ESP 0 7.74 
H·ESP 163 473 

Subtotal 170 

Mass Burn Refractor\' C. ESP 39.8 
OS C-ESP 2i .6 
OS FF 0 0.63 
DSIH 0 1.91 
\':S 0 236 

t Subtotal 61. .. 

Mass Burn Rotary Kiln C.E:SP 0 47 
DS'FF 0.2 .. 5 0.646 
OSI 'C. ESP 0 47 
DS:'FF 5.29 47 

Subtotal 5.5 .. 

RDF Dedicated C. ESP 32.5 231 
DS 'C-ESP 0.321 0.527 
OS 'FF 0.0975 0.24 
DSI.FF 0 231 
DSI.·H·ESP 0 231 
H·ESP 0 1490 
OSiFF/C.ESP 0 0.24 

Subtotai 33 

Modular Starved-air C-ESP 0 16 
OS I IFF 0 000801 
H·ESP 8.01 79 
UNC 0 0.0247 
INS 0 16 
WS/FF 0 16 
DS/OSI/C- 0 16 
ESP 

Subtotal 8.01 

Modular Excess-air C. ESP 0.0643 16 
DS 1FF 0 16 
OSI;FF 0 0.0247 
DSI/H·ESP 0 118 
H-ESP 2.32 
UNC 0 0.0247 
WSIC.ESP 0 16 

Subtotal 2.39 

Fluidized-bed RDF DS/FF 0 0.63 
DSI/EGB 0 0.63 
DS 1.'FF 0 0.63 

Subtotal 0 

Total 280 

Key: DS/FF = Dry Scrubber combined with a Fabric Filter 
DSI/FF = Dry Sorbent Injection coupled v;ith a Fabric Filter 

DS/CI/FF = Dry Scrubber -Carbon Injection-Fabric Filter 

Activity Level Emissions From 
Non-Tested Non-Tested 

Facilities Facilities 
(kg/yr) (g TEO/yr) 

2.81e+09 17.1 
1.88e +09 11.4 
7 .44e + 08 1.12 
5.98e+09 3.77 

0 0 
0 0 

4.22e+08 3.27 
1.79e +08 84.5 

121 

0 0 
0 0 

2.68e+08 0 168 
1.13e + 08 0.216 
2.04e + 08 48.1 

-
I \. I ' 48.5 

2.00e+08 9.4 
7.57e+08 0.489 
5.07e+08 23.8 
1.46e+08 6.85 

40.6 

1.67e+09 385 
1.14e + 09 0.603 
1.58e+09 0.379 
4.22e+ 08 97.6 
2.00e + 08 46.2 
4.22e+07 63 
5.63e+ 08 0.135 

593 

1.25e+08 2 
0 0 

8.03e +07 6.34 
1.87e +08 0.00463 
4.90e+07 0.785 
2.82e.+07 0.451 
7.60e +07 1.22 

10.8 

6.25e + 07 1 
1.18e+08 1.9 
1.01e+08 0.00251 
1.41e+07 1.66 

0 0 
1.41e+07 0.000348 
6.76e +07 1.08 

5.64 

1.69e+08 0.106 
1.13e + 08 0.0709 
8.45e+07 0.0532 

0.231 

820 
-

Total 
Emissions 
From All 
Facilities 

(g TEO/yr) 

17.1 
13.5 
1.75 
5.77 
2.12 

0.279 
3.27 
247 

291 

39.8 
21.6 

0.168 
0.216 

48.1 

110 --
9.4 

0.734 
23.8 
12.1 

46.1 

4.18 
0.924 
0.477 

97.6 
46:2 

63 
0.135 

626 

2 
0.000801 

14.4 
0.00463 

0.785 
0.451 

1.22 

18.8 

1.07 
1.9 

0.00251 
1.66 
2.32 

0.000348 
1.08 

8.03 

0.106 
0.0709 
0.0532 

0.231 

1,100 

C-ESP = Co!d-side Electrostatic Precip;tator (Temperature at control device is below ::230°C) 

H-ESP = Hot-side Electrostatic Precipitator (Temperature at control device is C:230°C) 

WS = Wet Scrubber 
UNC = Uncontrolled (no APCD) 

EGB = Electro Granular Activated Carbon Bed 

ng/kg == nanogram per kilogram 

kg/yr == kilograms per year 
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Table 3-5. Annual TEQ Emissions to the Air From MSWis Operating in 1987 

Municipal Solid Waste Air Emissions Average TEO Activity Level 

Incinerator Design Pollution From Tested Emission Non-Tested 
Control Facilities Factor Facilities 
Device (g TEO/yr) (ng/kg) (kg/yr) 

Mass Burn Waterwall DS/FF ·:;Y0-~3 0 
H-ESP A . 3 473 3.27e +09 

' ~33 Subtotal 
' 

~, 

Mass Burn Refractory DS/FF 0 0.63 1.41e+08 
H-ESP 0 473 2.00e+09 

- w;!, 6 2;36 9.01e+08 

Subtotal 0 

Mass Burn Rotary Kiln FF 0 47 1.58e +07 
H-ESP 48.2 285 2.25e+08 

Subtotal 48.2 

RDF Dedicated H-ESP 840 1490 2.45e+03 
f \VS 0 231 3.~8~ +08 

Subtotal 840 

RDF Cofired H-ESP 0 231 2.53e+08 

Modular Starved-air FF 0 16 1.43e+08 
H-ESP 0.0643 79 3.61e+08 
UNC 0 0.0247 5.73e;t-08 
ws 0 16 5.30e +'07 

Subtotal 0.0643 
' 

Modular Excess-air EGB 0 0.0247 6.76e+07 
UNC 0 0.0247 4.17e+07 
ws 0 16 1.27e + 08 

Subtotal 0 

ITntil.!S 1 ~20 

Key: DS/FF = Dry Scrubber combined with a Fabric Filter' 
DSI/FF = Dry Sorbent Injection coupled with a Fabric Filter 
DS/CI/FF = Dry Scrubber -Carbon Injection-Fabric Filter 

Emissions From Total Emissions 
Non-Tested From All 
Facilities Facilities 
(g TEO/yr) (g TEO'yr) 

0 0 0373 

1550 1980 

1550 1980 

0.0887 0.0887 
944 944 
212 212 

1,160 1.150 

0.741 0.741 
64.2 112 

65 113 

.. 3660 4500 
78.1 78.1 

3730 4570 

58.6 58.6 

2.29 2.29 
28.5 28.5 

0.0142 0.0142 
0.848 0 848 

31.6 31.7 

0.00167 0.00167 
0.00103 0 00103 

2.03 2.03 

2.03 2.03 

fi 5'l0 7 91 'i 

C-ESP = Cold-side Electrostatic Precipitator (Temperature at contr~l device is below :; 230°C) 
H-ESP = Hot-side Electrostatic Precipitator (Temperature at control· device is ~ 230°C) 
WS = Wet Scrubber .. . .,._. __ ,. ' .: .• ,· .. :··,,~ · ,,,~.: . ··- ' ... ,' . 

UNC = Uncontrolled (no APCD) · · 
EGB = Electro Granular Activated Carbon Bed 
ng/kg = nanogram- ptWkilogram :~. 
kg/yr = kilogrartis. per y~at 
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0 

2.3. 7.8-TCDD 

1.2.3. 7,8-PcCDD 

1,2,3,4. 7,8-HxCDD j. 

1,2.3,6. 7,8-HxCDD 

Rarto (congener emission factor/ Iota! CDDICDF emission factor) 
0.07 0.0-1 0.06 0.08 0.1 

I, 2. 3. 7. 8. 9-HxC DD !!!!::~::::::::::::::::llliilllllillllllllllllll 1.2 .. <.4.6. 7.8-HpCDD 

1,2.3.4.6. 7.8.9-0CDD :• 

2.3. 7.8-TCDF 

1.2,3, 7,8-PeCDF 

1,7,3.6.7.8-HxCDF F""'"""'---= 
!,7,3, 7,8,9-HxCDF 

2. 3.-1, 6. 7, 8 -HxC D F ~===~~~~~~~-~~~~~~~~ 
1,2,3.4.6.7,8-JlpCDF. 

1,2,3.-1, 7.8.9-HpCDF 

1,2.3,4,6. 7.8,9-0CDF ~l:i~!1!~§1~~~~~ 

·I \ .. I 

Rario (congener group emls>ion factor I total CDDICDF emission factor) 
0.05 0.1 0.15 0.2 

Figure 3-9. Congener and Congener Group Profiles for Air Emissions from a Mass-Burn 
Waterwall MSWI, Equipped with a Dry Scrubber and Fabric Filter 

0.12 
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Table 3-6. CDO/CDF Emission Factors for Hazardous Waste Incinerators and Boilers 

Congener/Congener Group Incinerator Average Hot-Side ESP Boilers 
Mean emission factor Mean emission factor 

I ( 1 7 facilities) (2 facilities) 
' ~v._., (ng/kg feed) (ng/kg feed) 

··"""··-,, -'to ' Nondetects Nondetects Nondetects Nondetects 
,. 

Set to 1/2 Set to Set to 1/2 Set to 
'J 

Det. Limit Zero Oet. Limit Zero 

2,3,7,8-TCDD t 0.44 0.14 0.10 0.00 
1 ,2,3, 7,8-PeCDD 0.18 0.14 0.11 0.04 
1 ,2,3,4,7,8-HxCDO 0.22 0.18 0.15 0.08 
1 ,2,3,6, 7,8-HxCOO 0.32 0.28 0.20 0.18 
1 ,2,3, 7,8,9-HxCDO 0.49 0.48 0.22 0.20 
1 ,2,3,4,6,7,8-HpCDD 1.77 1.75 1,.17 1.17 

' OC0r6 4.13 3.74 5.24 5.24 
1 

• 2,3,7,8-TCDF 2.96 2.69 0.81 0.81 
1 ,2,3,7,8-PeCDF 2.36 2.33 0.38 0.38 
2,3,4, 7,8-PeCDF 2.56 2.51 0.52 0.52 
1 ,2,3,4, 7,8-HxCDF 9. 71 9.71 0.83 0.83 
1 ,2,3,6,7,8-HxCDF 3.96 3.95· 0.37 0.37 
1 ,2,3, 7,8,9-HxCOF 0.31 0.29 0.08 0.02. 
2,3,4,6, 7 ,8-HxCDF 2.70 2.70 0.56 0.56 
1 ,2,3,4,6, 7,8-HpCDF 16.87 16..()8 1.04 0.93 
1 ,2,3,4, 7 ,8,9-HpCDF 1.74 1. 7-1 ; 0.18 0.16 

_-

OCDF 13.78 1:3.46 0.70 0.70 

Total TEO (nondetects = 0) ·3.83 0.64 
Total TEO (nondetects = 1/2 DU 4.22 

- ----
0.78 

Total TCDD 0.77 0.77 
'Total PeCDD 1.15 0.77 -Total HxCDD 1.67 1.62 
Total HpCDD 

.• ~k -- ,.; _ .. ,. 2.34 2.34 
Total OCDD ... 5.24 5.24 
Total TCDF 

\~~?--- ('Y 
5.47 5.47 

; Total PeCDF . ·-... ' 
,-1. 

5.50 5.51 . :,c. 

-'.Total HxCDF. 4.04 4.04 

Total HpCDF 1.94 1.94 
Total OCDF 0.70 0.70 

Total CDD/CDF (nondetects = 0) 137.36 28.83 
Total CDD/CDF (nondetects = 1/2 DU 137.36 28.83 

ng!kg = nanograms per kilogram 

Source: U.S. EPA (1996c) . 

• 
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Figure 3-10. Congener Profile for Air Emissions from Hazardous Waste Incinerators 
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Table 3-7. Summary of Annual Operating Hours for Each MWI Type 

.... 

Capacity Ranges '+ · 
(lb/hr) 

,, 

MWI Type 

r 
Continuous > 1,000 
commercial 

Continuous 501 - 1,000 
onsite > 1,000 

lntyrmittent <; 500 

Batch Case by case 

lb/hr = pounds per hour 
hr /yr = hours per year 

Annual charging Maximum annual 
hours charging hours 
(hr/yr) (hr/yr) 

7,776 8,760 

1,826 5,475 
2,174 

1 ,2~0 . \ 4,380 

Case by case 
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Factor 

0.89 

0.33 
0.40 

0.29 

Case by case 

Anril 1 qqR 

n v 

fD 
'J) 



• DRAFT --DO NOT QUOTE OR CITE 

a 

Table 3-8. OAOPS Approach: PM Emission Limits for MWis and Corresponding 
Residence Times in the Secondary Combustion Chamber 

\ 
~V" -., v' 

~' '• ~-
'· Residence Time in TEO Emission 

; ... PM Emission Limit 8 2° Chamber Factor 

MWI Type #- (gr/dscf) (seconds) (kg TEO/kg waste) 

Intermittent and ~0.3 0.25 3.96e-9 
Continuous 0.16 to < 0.30 1.0 9.09 e-10 

0.10tos0.16 2.0 7.44 e-11 

Batch <:0,079 0.25 •, 3.96 e-9 
! 0.042 to <0.079 11.0 9.09 e-10 

I . \ 
0.026 to <0.042 2.0 7.44 e-11 

gr/(!scf = grains per dry standard cubic foot at standard temperature and pressure. 
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Table 3-9. OAOPS Approach: Estimated Nationwide CDD/CDF TEO Emissions (g/yr) for 1995 

MWI Residence 
Type Time or 

APCD 

Batch 0.25 sec 
1.00 sec 
2.00 sec 

Continuous 0.25 sec 
1 .00 sec 
2.00 sec 

Contimiousl 0.25 sec 
lnterr)l itt ent 1 .00 sec 

2.00 sec 

lnte~~littent 0.25 sec 
1 .00 sec 
2.00 sec 

Subtotal: 
Uncontrolled 

Batch Wet Scrubber 

Continuous Wet Scrubber 

Intermittent Wet Scrubber 

Subtotal: Controlled 
w/Wet Scrubber 

Continuous Dry Scrubber 
no carbon 

Continuous Dry Scrubber 
on-site/ Intermittent with no 

carbon 

Continuous Dry Scrubber 
with Carbon 

Continuous Dry Scrubber 
on-site/ Intermittent with Carbon 

Subtotal: Controlled 
w/Dry Scrubber 

Intermittent Fabric Filter/ 
Packed Bed 

Total MWI 

UA = Not applicable 
ng/kg = nanograms per kilogram 
kg/yr = kilograms per year 
g/yr = grams per year 

CDD/CDF .. TEO . EF ·--EF {·, 
-· <~-~q/kg) (nQ/kg) 
' ''f' 

'1.94e+05 3.96e+03 
4.45e +04 9.09e+02 
3.65e + 03 7 .40e + 01 

1.94e+05 3.96e+03 
4.45e + 04 9.09e+02 
3.65e + 03 7.40e + 01 

1.94e+05 3.96e+03 
4.45e + 04 9.09e+02 
3.65e + 03 7 .40e + 01 

1.94e+05 3.96e+03 
4.45e + 04 9.09e+02 
3.65e + 03 7 .40e+ 01 

4.26e+02 10 

4.26e + 02 10 

4.26e + 02 10 

3.65e + 02 7 

3.56e+02 7 

7.00e+01 2 

7.00e + 01 2 

3.34e + 04 6.81e+02 
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Activity .. CDD/CDF -·-. TEO 
Level Emissions Emissions 

(kq/yr) (g/yr) (g/yr) 

5.95e+06 1. 15e + 03 2.35e+01 
4.20e+05 1.87e+01 3.82e-01 
2.14e+05 7 .82e-01 1.60e-02 

1.20e+06 2.34e + 02 4.77 
5.1 Oe + 06 2.27e + 02 4.64 
3.01e+07 1 .1 Oe + 02 2.24 

4.54e+06 8.80e + 02 1.80e+01 
4.24e+07 1.S8e + 03 3.85e+01 
.9.79e+07 3.57e+02 7.29 

4.18e+06 8.11e+02 1.65e+01 
1.83e+07 8.12e-"-02 1.66e+01 
NA NA NA 

2.53e+08 6.65e+03 1.36e+02 

2.42e+04 1.00e-02 2.00e-04 

1.88e +08 8.01e+01 1.90 

6.04e+ 07 2.58e+01 6.11e-01 

3.71e+08 1.58e + 02 3.74 

9.94e + 07 3.63e+01 7.39e-Ol 

7.86e+06 2.87 5.80e-02 

1.43e + 07 1.00 2.40e-02 

3.70e+ 06 2.61e-01 6.00e-03 

1.46e+08 4.80e+ 01 9.82e-01 

6.99e+05 2.34e+01 4.76e-01 

3.71e+ 08 6.88e+ 03 1.41e+ 02 
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Table 3-10. AHA Approach: TEO Emission Factors Calculated for Air Pollution Control 

·c . .,..., 

.. , ... .,? .... ,,. _. 

-', 
·~' 

TEO Emission· Factor Number of MWI Test 
; 

· APC Category (lb/1 0 6 lbs waste) Reports Used8 

.. 

Uncontrolled f 

MWis up to 200 lb/hr 1.53e-03 4 
MWis > 200 lb/hr 5.51 e-04 13 

Wet scrubber/BHF/ESPb 4.49e-05 11 
'. 

Dr)( sorbeQt injection/Fabric Filter 6.95e-05 8 

' 

The same MWI may have been used more than once in deriving emission factors. 

Wet scrubbers-bag house filters-electrostatic precipitators. Bag house is also called Fabric 
Filter. 

Source: Doucet (1995) . 
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Table 3-11. AHA Assumptions of the Percent Distribution of Air Pollution 
Control qn MWis Based on PM Emission Limits 

~· -·~,.-, 

::~·,'\····· '<··.: ;::, 

;.s·~··~~r:ce~·~--'~; 
MWis.DI!FF·-_-

.. PM Emission.lir,\its8 

.. · (gr/dscfl ;,.·.' "''· 

;> 0.10 50% 50% 0% 

0.08 to< 0.10 25% 75% 0% 

0.03 to < 0.08 0% 98% 2% 

< 0.@3 0% I \.1.30% 70% 

Particulate matter (PM) emission limits at the stack, grains per dry standard cubicfoot 
(gr/dscf). 

Uncontrolled means there is no air pollution control device installed on the MWI. 

Scrubbers/BHFs/EDPs means wet scrubbers-bag house filters-electrostatic precipitators. 

01/FF means dry sorbent injection combined with fabric filters. 
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Table 3-12. AHA Approach: Estimated Annual Nationwide CDD/CDF TEO Emissions 

MWI Activity 
• Levefd . 

(kg/yr) 

Annual TEO 
Emissions 

(g/yr) 

Uncontrolled 1.54 e-06 
5.51 e-07 

2.28 e+07 
1.54 e +08 

3.51e+01 
8.48e+01 

1.77 e+08 1.20e+02 

WS/BHF/ESP >200 4.49 e-08 3.51 e+08 ., 1.58e+01 

01/FF >200 6.95 e-08 1 .81 

3.77 e+OB 1.76e + 01 

: ... 5.54 e+OB 1.38e+02 

APCD = Air Pollution Control Device assumed by AHA. Uncontrolled means there is no air 
pollution control device installed on the MWI. WS/BHF/ESP = Wet scrubber-bag house 
filter-el~ctrostatic precipitator. 01/FF = Dry sorbent injection-fabric filter. 

MWI capacity is the design capacity of the primary combustion chamber. 

TEO Emission Factor derived from tested facilities. 

Activity Level is the annual amount of medical waste incinerated by each APCD class. 

lb/hr = pounds per hour 
g/kg = grams per kilogram 

kg/yr = kilograms per year 
g/yr = grams per year 
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Table 3-13. Comparison Between Predicted Residence Times and Residence 
Times Confirmed py State Agencies from EPA/ORD Telephone Survey 

.'!.._ .... ..,. ... 
,. 

~\- '. . .· .. " ' ······.·'./ .·. ..... ... ..· 

Residence Tl;;;~,, Percentage 'of~· ' :.Percerytage ~fUricontroiied • State 
Uncoriirolled MWis : .~i '· ·Categories :·M\1\'}~ qonf1rmed .~ystate'?• 

Predicted by PM M~thbd •·· .. ·•··· •·.·•• Agency···.···.-·· .· ;: 

Michigan 1 /4 second 2% (6/280 MWis) 96% (269/280 MWis) 
1 .0 second 2% (5/280) 3% (9/280) 
2.0 seconds 96% (269/280) 1% (1 /280) 

Massachusetts 1 /4 second 6% (6/94 MWis) Unknown 
1 .0 second 0% (0/94) Unknown 

t 2.0 seconds 94% (88/94) I Ll 4% (2/50) 

Virginia 1/4 second 11% (6/56) 4.5% (1 /22) 
1 .0 second 0% (0/50) 91% (20/22) 
2.0 seconds 89% (50/56) 4.5% (1 /22) 

New Jersey 1/4 second 0% (0/53 MWis) Unknown 
1 .0 second 0% (0/53) Unknown 
2.0 seconds 100% (53/53) Unknown 

Source: O'Rourke (1996). 
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Table 3-14. EPA/ORO Approach: Annual TEO Emissions from Medical Waste Incineration (MWI) for Reference Year 1995 

MWl Class 
(APCD) 

Uncontrolled 

Controlled 

Total 

Mwt subclass 
··_.(Capacity or 

.. APCD}. 

Dr/SorS&nt 
Inje-ction/::· 

· FabriC Filt,~r 
Fabric Filter/-·· 
Packed Bed 

. ., ~;_;'1·. 

Scrubber. 

..... · ·..... . -: ~· . 

No~· of;,;. 
· ·· tested ... 
·. i=aclilti~s : · . 

3 

5 

8 

2 

:·.·~ .. ~J ':· 
·:_~{~~~-~~ . . '•" ' . . 

APCD A_i_r.J?oii\Jtion'Con:,tr:ol Devic.e_s . 
ng/k~ ~ ,~ci1!iq,9r.~~s :P·#Y: 1<'(1~~-rri,w;? . '· · 
kg/yr = krl5Jgr;ams\perwe9r) ·"'' .• ·· 

: f''•' - • ··:-. ' ••• .:-:!] ;.·.h . 

g/yr = grar:f,l,S per:ve(lr:"~·· •·;-.~;.~; ,., 
lb/hr = poun'8s per hocir · · 

.' .~ .. .. ·.· 

9.25e+04 1.86e+03 3.06e +07 2.83e+03 5.71e+01 

6.02e + 04 1.70e +03. · 2.23e + 08 1.34e+04 ·3,,.79e + 02 

'\~ 
-¥-f.;.._..J... ,· 

4.65e + 03 7.2e+01 ~:. 3.71e+08 1.72e+03 2.·68e-+. 01 
-~/ 

2.85e + 02 7 1.46e + 08 4.16e + 01 9.90e-01 

1.10e+05 1.35e+03 6.99e + 05 7.73e+01 9. 50e-O 1 

7.71e+08 r 2.02e+04 4.77e+02 

... 
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Ratio (mean cong~rner emission factor /total CDD!CDF emission factor) 

2,3,7,8-TCDD 

1. 1.3. 7.8-PeCDD 

1.2.3,4, 7,8-HxCDD 

1.2.3.6. 7.8-HxCDD 

1.2.3. 7,8, 9-HxCDD' 

0 0.05 0./ 

1.2. 3.4. 6. 7, 8-HpCDD 

1.7.3.-1. 6, 7.8.9-0CDD 

7.3.7,8-TCDF 

1.2.3. 7,8-P,CDF 

t 
1.3.4. 7.8-PeCDF 

1 .1. J . ./, 7. 8-HxCDF 

1,2,3.6. 7.8-HxCDF 

2.3.-1. 6. 7,8-HxCDF 

1.2.3.-1,6. 7.8-HpCDF 

\ \ 

1. 1. 3. 4, 7, 8, 9-HpC DF r:=;:;::::::::::::::_...,.,-,.....,,,.,.,,.,.,.,......,,_..,.,..,.,-,,.,...,.,.,,...,.,.,...-..,.,_.,_....,=,.,.,,.,..,.,. 
1.2. 3. -1. 6, 7. 8, 9-0C DF r-.;_._· ·,_ •. _~......,.''-"·"':'"""". "'-~''-'';_,.:'"":.::_;:';;;.:.:"-;.,."" ... ·.._·· =---"---"-'"'-""""'--'--'-'-""-'--'-----'""'-~""-"---"-""""""'""'~ 
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Figure 3-1 2. Congener and Congener Group Profiles for Air Emissions 
from Medical Waste Incinerators without APCD 

3-73 

0.15 

0.25 

April 1998 



I 
[. 
f; 

• 
2,3, 7.8-TCDD 

1,2,3, 7,8-PeCDD 

1,2,3,4, 7,8-HxCDD 

1,2,3,6, 7,8-HxCDD 

1,2,3, 7,8,9-HxCDD 

0 

DRAFT--DO NOT QUOTE OR CITE 

Ratio (congenu emission factor /total CDDICDF emission factor) 
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Figure 3-13. Congener and Congener Group Profiles for Air Emissions from Medical 
Waste Incinerators Equipped with a Wet Scrubber, Baghouse, and Fabric Filter 
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Table 3-1 5. Summary of Annual TEO Emissions from Medical Waste Incineration (MWI) for Reference Year 1987 

MWI Class 8 No of Tested Activity Level Total CDD/F TEO 
Facilities (kg/yr) Emission Emission Factor 

Factorb (g/kg) 
(g/kg) 

,; 200 lb/hr 3 2.19 e+08 9.25 e-05 1.86 e-06 

> 200 lb/hr 5 1.21 e+09 6.02 e-05 1.70 e-06 

Total 8 1 .43 c + 09 

This uses the categorization scheme of the AHA Approach (Doucet, 1995). 

kg/yr = kilograms per year 
g/kg = grams per kilogram 
g/yr = grams per year 
lb/hr = pounds per hour 

April 1998 

Annual CDD/F Annual TEd 
Emissions Emissions 

(g/yr) (g/yr} 
_,.:,:. . ·,:,;.~, . ,; ;. . :.<: .. >_:;.>).; 

2.02e+04 4.08e + 02 
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Table 3-16. Comparisons of Basic Assumptions Used in the EPA/ORO, the EPA/OAOPS, and the 
AHA Approaches to Estimatin9 Nationwide CDD/CDF TEO Emissions from MWis in 1995 

AssumptiOns ' · I · EPA!ORD Approach· 

1995 \ ....,, 

2,375 /'•, -~ 
... , 

7. 71 .. e + 08 kg/yr 

67% 

Same as AHA 
assumption 

WS/FF/ESP 
DI/FF 
FF/Packed Bed Scrub 

Yes/ Analogous to 
AHA method. 

·Yes 

Uncontrolled: 8 
Controlled: 11 

1,865 - s200 lb/hr 
1, 701 > 200 lb/hr 

f/ WS/FF/ESP: 72 
g! DSI/FF: 7 ·'. 

h/ FF_fPBS: 1 ,352_':._ 

"1.:. 

'. ::....": ·~·· -

EPA/OAOPS Approach 

1995 

2,375 

7. 7 1 e + 08 kg/yr 

33% 

67% 

By residence lim1e~ (RT) in 
secondary chamber 

By RT of 0.25, 1.0 and 2.0 
sec by State PM emission 
limits 

ws 
DS-no Carbon 
OS- Carbon 
FF/Packed Bed Scrub 

Yes/ Analogous to AHA 
method 

Yes 

Uncontrolled: 10 
Controlled: 23 

a/ 3,9~0 = 0.25 s RT 
b/ 909 = 1 .0 s RT 
c/ 200 lb/hr 74 = 2.0 s RT 

if WS: 10 
j/ OS no carbon: 7 
k/ OS with carbon: 2 
II FF/PBS: 681 

·.---· , .• 

AHA Approach 

1995 

2,233 

5.54 e + 08 kg/yr 

32% 

68% 

By design capacity 

By estimated annual 
hrs of operation of < 
200 lb/hr and > 200 
lb/hr design capacity . 

WS/FF/ESP 
01/FF 

Yes/ Based on survey 
and State PM 
emission limits 

Yes 

Uncontrolled: 13 
Controlled: 12 

d/ 1, 540 = ~ 200 lb/hr 
e! 551 = > 200 lb/hr 

m/ WS/FF/ESP: 44.9 
n/ DSI/FF: 69.5 

WS = Wet Scrubber; FF Fabric Filter; ESP = Electrostatic Precipitator; DSI = Dry Sorbent Injection; DS 
Dry Scrubber; no carbon = without the addition of activated carbon; with carbon = with the addition of 
activated carbon; PBS = Packed Bed Scrubber. 
a 
b 

c 
d 
e 

0.25 seconds residence time (RT) in the secondary chamber. 
1.0 seconds residence time (RT) in the secondary chamber. 
2.0 seconds residence time (RT) in the secondary chamber. 
design capacities less than or equal to 200 lbs/hr . 
design capacities greater than 200 lbs/hr. 

lb/hr = pounds per hour 
kg/yr = kilograms per year 
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Table 3-17. CDD/CDF Air Emission Factors for a Crematorium 

\ 
Mean Facility Emission Factor 

Congener/Congener~~~~~' Assuming Assuming 
·:" ·,., '+ . NO = zero NO = 1/2 det limit 

(ng/body) (ng/body) 

2,3,7,8-TCDD .. 28.9 28.9 
1 ,2,3, 7 ,8-PeCDD 89.6 89.6 
1 ,2,3,4, 7 ,8-HxCDD 108 108 
1 ,2,3,6, 7,8-HxCDD 157 157 
1, 2,3, 7 ,8,9-HxCDD 197 197 
1 ,2,3,4,6, 7,8-HpCDD 1,484 1,484 
O~DD 43f.1, 2,331 

2,3,7,8-TCDF 206 206 
1 ,2,3, 7,8-PeCDF 108 117 
2,3,4, 7 ,8-PeCDF 339 349 
1 ,2,3,4, 7 ,8-HxCDF 374 374 
1 ,2,3,6, 7,8-HxCDF 338 338 
1 ,2,3, 7 ,8,9-HxCDF 657 657 
2,3,4,6, 7 ,8-HxCDF 135 135 
1 ,2,3,4,6, 7 ,8-HpCDF 1,689 1,813 
1 ,2,3,4, 7,8,9-HpCDF 104 112 
OCDF 624 624 • . , Total 2,3;7,8-CDD 4,396 4,396 
Total 2,3,7,8-CDF 4,574 4,725 
Total TEO 501 508 

Total TCDD 554 554 
Total PeCDD 860 860 
Total HxCDD 2,224 2,224 
Total HpCDD 3,180 3,180 
Total OCDD 2,331 2,331 
Total TCDF 4,335 4,335 
Total PeCDF 2,563 2,563 
Total HxCDF 4,306 4,306 ... 
Total HpCDF 2,030 2,154 
Total OCDF 624 624 

Total CDD/CDF 23,007 23,131 

ng/body = nanograms per body 

Source: CARB ( 1990c) 
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Source: CARB (1990c); nondetects set equal to zero. 

Figure 3-14. Congener and Congener Group Profiles for 
Air Emissions from a Crematorium 
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• 4.3. OIL COMBUSTION 

Two major categories of fuel oil are burned by combustion sources: distillate oils 

and residual oils. These oils·~~~ further distinguished by grade numbers, with Nos. 1 and 2 

being distillate oils; Nos. 5 ern~, ~ing residual oils; and No. 4 either distillate oil or a 

mixture of distillate and residual oils. No. 6 fuel oil is sometimes referred to as Bunker C. 

Distillate oils are more volatile and less viscous than residual oils. They have negligible 

nitrogen and ash contents and usually contain less than 0.3 percent sulfur (by weight). 

Distillate oils are used mainly in domestic and small commercial applications. Being more 

viscous and less volatile than distillate oils, the heavier residual oils (Nos. 5 and 6) must be 

he~ted for ease of handling and to facilitate proper ~to~ization. Because residual oils are 

produced from the residue remaining after the lighter fractions (gasoline, kerosene, and 

distillate oils) are removed from the crude oil, they contain significant quantities of ash, 

nitrogen, and sulfur. Residual oils are used mainly in utility, industrial, and large commercial 

application (U.S. EPA, 1995b). 

•. 4.3.1. Residential/Commercial Oil Combustion 

•• 

No testing of the CDD/CDF content of air emissions from residential/commercial oil

fired combustion units in the United States could be located. However, U.S. EPA (1997b) 

has estimated CDD/CDF congener group and TEO emission factors based on average 

CDD/CDF concentrations reported for soot samples from 21 distillate fuel oil-fired furnaces 

used for central heating in Canada, and a particulate emission factor for distillate fuel oil 

combustors (300 mg/L of oil) obtained from AP-42 (U.S. EPA, 1995b). The TEO emission 

factor estimate in U.S. EPA (1997b) was derived using the calculated emission factors for 

2,3,7,8-TCDD, 2,3,7,8-TCDF, and the 10 congener groups. These emission factors are 

presented in Table 4-13, and the congener group profile is presented in Figure 4-6. 

Because there are no direct measurements of CDD/CDF emissions in stack gases 

from U.S. residential oil-fired combustors and because of uncertainties associated with 

using chimney soot data to estimate stack emissions, no national emission estimates for 

this category are proposed at this time. However, a preliminary order of magnitude 

estimate of national TEO emissions from this source category can be derived using the 

emission factor presented in Table 4-13 (150 pg TEQ/L of oil combusted). Distillate fuel oil 

sales to the residential/commercial sector totaled 39.7 billion liters in 1995 (EIA, 1997a). 
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Application of the TEO emission factor of 1 50 pg TEO/L to this fuel oil sales estimate 

results in estimated TEO emissions of 6.0 g TEO in 1995, which, when rounded to the 

nearest order of magnitude to ~~e~asize the uncertainty in this estimate, results in a value 

of 10 g TEO/yr. This estimate'"s~,ot1 be regarded a·s a preliminary indication of possible 

emissions from this sourc·e category; further testing is needed to confirm the true 

magnitude of the emissions. 

4.3.2. Utility Sector and Industrial Oil Combustion 

Preliminary CDD/CDF emission factors for oil-fired utility boilers developed from 
t . I \.I 

boiler tests conducted over the past several years are reported in U.S. EPA (1995c). The 

da1a are a composite of various furnace configurations and APCD systems. Table 4-14 lists 

the median emission factors presented in U.S. EPA (1995c; 1997b). The congener and 

congener group profiles based on these data are presented in Figure 4-7. The median TEO 

emission factor was reported to be 314 pg/L of oil burned. 

In 1993, the Electric Power Research Institute (EPRI) sponsored a project to gather 

information of consistent quality on power plant emissions. This project, the Field 

Chemical Emissions Measurement (FCEM) project, included testing of two cold side ESP

equipped oil-fired power plants for CDD/CDF emissions (EPR1, 1994). The averages of the 

congener and congener group emission factors reported for these two facilities are also 

presented in Table 4-14: The average TEO emission factor is 95.5 pg/L of oil burned when 

nondetected Values are treated as zero (170 pg/L: when nondetected values are treated as 

one-half the detection limit). · 

The TEO emission factor reported in EPRI ( 1994) is a factor of three less than the 

median TEO emission factor reported in U.S. EPA (1995c; 1997b). For purposes of this 

assessment, an emission factor of 200 pg/L (i.e., the average of 95.5 and 314 pg/L) is 

assumed to be current best estimate of the average TEO emission factor for 

utility/industrial oil burning. This estimate is assigned a "low" confidence rating. 

TEO emission factors an order of magnitude larger were reported by Bremmer et al. 

(1994), based on measurements of CDD/CDF emission from three stationary used oil 

combustion units and from a ferry fired with a blend of used and virgin oil. Flue gases from 

a garage stove consisting of an atomizer fueled by spent lubricating oil from diesel engines 

(35 rng CUkg} were reported to contain 0.1 ng TEO/Nm 3 (or 2 ng TEO/kg of oil burned). 
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The flue gases from a hot water boiler consisting of a rotary cup burner fueled with the 

organic phase of rinse water from oil tanks (340 mg Cl)kg) contained 0.2 ng TEO/Nm 3 (or 

4.8 ng TEO/kg of oil burned},, The flue gases from a steam boiler consisting of a rotary cup 

burner fueled by processedc'S;~-~}oil (240 mg Cl)kg) contained 0.3 ng TEO/Nm3 (or 6.0 ng 
. "'-. '• 

TEO/kg of oil burned). The emission rate from the ferry (heavy fuel oil containing 11 ng/kg 

organic chlorine) was 3.2 to 6.5 ng TEO/kg of oil burned. From these data, Bremmer et al. 

(1994) derived an average emission factor for combustion of used oil of 4 ng TEO/kg of oil 

burned. 

Bremmer et al. (1994) also reported measuring CDD/CDF emis.sions from a river 

batge and a container ship fueled with gas oil (less ih~n1 
2 ng/kg of organic chlorine). The 

exhaust gases contained from 0.002 to 0.2 ng TEO/Nm 3
. From these data, Bremmer et al. 

( 1994) derived an average emission factor for inland oil-fueled vessels of 1 ng TEO/kg oil 

burned. 

Residual fuel oil sales totaled 46.6-billion liters in 1995 and 77.3 billion liters in 

1987 (EIA, 1992; 1997a). Vessel bunkering was the largest consumer (48 percent of 

sales) followed by electric utilities and the industrial sector. A "high" confidence rating is 

assigned to these production estimates. Application of the TEO emission factor of 200 

pg/L to these residual fuel oil sales results in estimated TEO emissions of 9.3 g TEO in 

1995 and 15.5 g TEO in 1987. Based on the "low" confidence rating assigned to the 

emission factors, the estimated range of potential emissions is assumed to vary by a factor 

of 10 between the low and high ends of the range. Assuming that the estimate of TEO 

emissions in 1995 (i.e., 9.3 g TEO) is the geometric mean of the range, then the range is 

calculated to be 2.9 to 29 g TEO/yr. For the year 1987, the range is calculated to be 4.9 

to 49 g TEO/yr. 

4.4. COAL COMBUSTION 

During 1995, coal consumption accounted for approximately 22 percent of the 

energy consumed from all sources in the United States (U.S. DOC, 1997). In 1995, 872-

million metric tons of coal were consumed in the United States. Of this total, 88.4 percent 

(or 771-million metric tons) were consumed by electric utilities, 11 .0 percent (or 96-million 

metric tons) were consumed by the industrial sector (including consumption of 30 million 

metric tons by coke plants), and 0.6 percent (or 5.3-million metric tons) were consumed by 
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residential and commercial sources (EIA, 1997b). Comparable figures for 1987 are: total 

consumption, 759-million metric tons; consumption by electric utilities, 651-million metric 

tons; consumption by coke plari'>ts, 33.5-million metric tons; consumption by other 
'"¥ 

industries, 68.2-million metrie--1'€1:~~nd consumption by the residential and commercial 
. "\ \• 

sectors, 6.3-million metric:tons (EtA, 1995c). These production estimates are assigned a 

"high" confidence ratim·g because they are based on detailed studies specific to the United 

States. 

The following two subsections discuss the results of relevant emission studies for .. 
the utility/industrial and residential sectors and present annual emission ~stimates. 

I \.I 

4.4.1. Utilities and Industrial Boilers 

Until recently, few studies had been performed to measure CDD/CDF concentrations 

in emissions Jrom coal-fired plants, and several of these studies did not have the congener 

specificity and/or detection limits necessary to fully characterize this potential source (U.S. 

EPA, 1987a; >NATO, 1988; Wienecke et al., 1992). Recently, the results of testing of coal-

• fired .utility and industrial boilers have been reported for facilities in The Netherlands, the 

United Kingdom, and the United States. 

Bremmer et al. (1994) reported the results of emission measurements at two coal

fired facilities in The Netherlands. The emission rate from a pulverized coal electric power 

plant equipped with an ESP and a wet scrubber for sulfur removal was reported as 0.02 ng 

TEQ/Nm 3 (at ·11 percent 0 2 ) (or 0.35 ng TEO/kg of coal fired). The' emission rate for a 

grass drying chain grate stoker equipped with a cyclone APCD was reported to be 0.16 ng 

TEO/Nm3 (at 11 percent 0 2) (or 1.6 ·ng TEO/kg 'of coal fired). Cains and Dyke ( 1994) 

recently repor~ted an emission rate of 102 to 109 ng TEO/kg of coal.' at i small~scale facility 

in the United Kingdom that ...;as equipped with an APCD consisti~g'oril'y of a grit arrestor. 

Umweltbunde'samt ( 1996) reported that the TEO c6'ntent of stack·gases from 1 6 coal

burning facilities in Germany ranged from o.ooor to 0.04 ng TEO/m3 ;:the' data provided in 

this report did not enable emission factors to be calculated. · 

The U.S. Department of Energy sponsored a project in 1993 to assess emissions of 

hazardous air pollutants at coal-fired power plants. As part of this project, CDD/CDF stack 

emissions were measured at seven U.S. coal-fired power plants. The preliminary results of 

this project (i.e., concentrations in stack emissions) were reported by Riggs et al. (1995) 
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and are summarized in Table 4-15. The levels reported for individual 2,3, 7,8-substituted 

congeners were typically not detected or very low (i.e., ~0.033 ng/Nm3 }. In general, CDF 

levels were higher than CD,P levels. OCDF and 2,3,7,8-TCDF were the most frequently 
-..;~,, .. 

detected congeners (i.e.,_at, fo~\of the seven plants). Table 4-16 presents characteristics 
'· ' 

of the fuel used and APCD employed at each plant. Variation in emissions between plants 

could not be attributed by Riggs et al. (1995) to any specific fuel or operational 

characteristic. 

During the early 1990s, EPRI also sponsored a project to gather information of 

consistent quality on power plant emissions. This project, the Field· Chemical Emissions 

tV1easurement (FCEM) project, included testing of ~oJr 'cold-side ESP-equipped coal-fired 

power plants for CDD/CDF emissions. Two plants burned bituminous coal and two burned 

subbituminous coal. The final results of the DOE project discussed above were integrated 

with the results of the EPRI testing and published in 1994 (EPRI, 1994). The average 

congener and congener group emission factors derived from this 11 facility data set, as 

reported in EPRI (1994), are presented in Table 4-17. Congener and congener group 

profiles for the data set are presented in Figure 4-8. The average TEO emission factor, 

assuming nondetected values are zero, is 0.087 ng/kg of coal combusted. The average 

TEO emission rate, assuming nondetected values are one-half the detection limit, is 0.136 

ng/kg of coal combusted. A "medium" confidence rating is assigned to these emission 

factors because they are based on recent testing at U.S. facilties. 

As stated above, consumption of coal by the U.S. utrlity and industrial sectors 

(excluding consumption at coke plants) was 837-million metric tons in 1995 and 719-

million metric tons in 1 987. Applying the TEO emission factor of 0.087 ng TEO/kg of coal 

combusted to these production factors yields estimated annual emissions of 72.8 g TEO in 

1995 and 62.6 g TEO in 1987. 

Based on the "medium" confidence rating assigned to the estimated TEO emission 

factor, the estimated range of potential emissions is assumed to vary by a factor of five 

between the low and high ends of the range. Assuming that the estimated emissions 

(assuming nondetected values are zero) of 72.8 g TEO in 1995 and 62.6 g TEO in 1987 

are the geometric means of these ranges for these years, then the ranges are calculated to 

be 32.6 to 163 g TEO in 1995 and 28 to 140 g TEO in 1987. 
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4.4.2. Residential/Commercial Coal Combustion 

Coal is usually combusted in underfeed or hand-stoked furnaces in the residential 

sector. Other coal-fired heating tinits include hand-fed room heaters, metal stoves, and 
'.;> 

·"V 

metal and masonry fireplaces. ~t?ke~ed units are the most common design for warm-air ,, . 

furnaces and for boilers used" for steam or hot water production. Most coal combusted in 

these units are either bituminous or anthracite. These units operate at relatively low 

temperatures and do not efficiently combust the coal. Coal generally contains small . 

quantities of chlorine and CDD/CDF; therefore, the potential for CDD/CDF formation exists. 

Typically, coal-fired residential furnaces are not equipped with particulate·matter or gaseous 

pollutant control devices that may limit emissions of any' cbb/CDFs formed (U.S. EPA, 

1997b). No testing of the CDD/CDF content of air emissions from residential/commercial 

coal-fired combustion units in the United States could be located. However, several 

relevant studies have been performed in European countries. 

Thub et al. (1995) measured flue gas concentrations of CDD/CDF from a household 

heating system in Germany, fired either with "salt" lignite coal (i.e., total chlorine content 

of 2,000 ppm) or "normal" lignite coal (i.e., total chlorine content of 300 ppm). CDD/CDFs 

were detected in the flue gases generated by combustion of both fuel types. (See 

Table 4-18.) The congener profiles and patterns were similar for both fuel types, with 

OCDD the dominant congener and TCDF the dominant congener group. However, the 

emissions were higher for the "salt" coal (0.1 09 ng TEO/m 3 or 2. 74 ng TEO/kg of coal) by 

a factor of eight than for the "normal" coal (0.015 ng T~O/m3 or 0.34 ng TEO/kg of coal). 

Eduljee ~nd Dyke (1996) used the results of testing performed by the Coal Research 
·.· .. 

Establishment in the United Kingdom to estimate emission factors for residential coal 

combustion units as follows: 
. ~ ~: . 

• Anthracite coal: 2.1 ng TEO/kg of coal; and 

• Bituminous coal: 5.7 to 9.3 ng TEO/kg of coal (midpoint of 7.5 ng TEO/kg). 

CDD/CDF emission factors for coal-fired residential furnaces were estimated in U.S. 
(i 

EPA (1997b) based on average particulate CDD/CDF concentrations from chimney soot 

samples collected from seven coal ovens, and particulate matter emission factors specific 

to anthracite and bituminous coal combustion obtained from AP-42 (U.S. EPA, 1995b} . 

• The TEO emission factors estimated in U.S. EPA (1997b} (i.e., 68.0 and 98.5 ng TEO/kg of 

anthracite and bituminous coal, respectively} were derived using the calculated emission 
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factors for 2,3, 7,8-TCDD 2,3, 7,8-TCDF, and the 10 congener groups. U.S. EPA (1997b) 

stated that the estimated factors should be considered to represent maximum emission 

factors, because soot may not be representative of the particulate matter actually emitted 
' '~ 

to the atmosphere. These emis~~'iol\.!actors are presented in Table 4-18, and congener 
_ ...... -,., 

group profiles are presente,d in Flgure 4-9. 

Although the congener group profiles of the Thub et al. (1995) measurements and 
f 

the U.S. EPA (1997b) estimates are similar, the TEO emission factors differ by factors of 

1 75 to 289 between the two studies. The emission factors used by Eduljee and Dyke 

( 1 996) to estimate national annual emissions of CDD/CDF TEOs from residential coal . 
comq.ustion in the United Kingdom fall in between tho1e p_\her two sets of estimates but 

are still about one to two orders of magnitude greater than the estimated emissions factor 

from industrial/utility coal combustors. 

Because there are no direct measurements of CDD/CDF emissions from U.S. 

residential coal-fired combustors and because of uncertainties regarding the comparability 

of U.S. and German and British coal and combustion units, no national emission estimate 

for this category is proposed at this time. However, a preliminary order of magnitude 

estimate of national TEO emissions from this source category can be derived using the 

emission factors of Eduljee and Dyke ( 1996). As noted above, 5.3-million metric tons of 

coal were consumed by the residential/commercial sector in 1995 (U.S. DOC, 1997). U.S. 

EPA (1997b) reports that 72.5 percent of the coal consumed by the residential sector in 

1990 were bituminous and 27.5 percent were anthracite. Assuming that these relative 

proportions reflect the actual usage in 1995, then application of the emission factors from 

Eduljee and Dyke (1996) (i.e., 2.1 ng TEO/kg of anthracite coal and 7.5 ng TEO/kg of 

bituminous coal) to the consumption value of 5,3-million metric tons results in an estimated 

TEO emission of 32.0 g TEO in 1995, which, when rounded to the nearest order of 

magnitude to emphasize the uncertainty in this estimate, results in a value of 10 g TEO/yr. 

This estimate should be regarded as a preliminary indication of possible emissions from this 

source category; further testing is needed to confirm the true magnitude of these 

emissions. 
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Source: U.S. EPA (1995c) 

Figure 4-6. Congener Group Profile for Air Emissions from Residential Oil-fueled Furnaces 
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Table 4-14. CDD/CDF Emission Factors for Oil-Fired Utility/Industrial Boilers 

U.S. EPA (1997b) EPRI (1 994) 
_, .... ,_. Median Mean Emission Factor 

-'-- .. ~mission Factor 
1/2 DL Congener /Congener Group " ' NO = zero NO= ' (pg/L oil) 

(pg/L oil) (pg/L oil) 

2,3, 7 ,8-TCDD 117 0 26.6 
1 ,2,3, 7,8-PeCDD 104 24.7 43.1 
1 ,2,3,4, 7,8-HxCDD 215 63.3 108 
1 ,2,3,6, 7,8-HxCDD 97 65.8 79.3 
1 ,2,3, 7 ,8,9-HxCDD 149 79.7 102 
1 ,2,3,4,6, 7 ,8-HpCDD 359 477 546 
OCDD 413 I \,I 2055 2141 

2,3, 7,8-TCDF 83 0 35.7 
1 ,2,3, 7,8-PeCDF 77 64.1 73.9 
2,3,4, 7 ,8-PeCDF 86 49.3 59.6 
1 ,2,3,4, 7,8-HxCDF 109 76.5 94.9 
1 ,2,3,6, 7,8-HxCDF 68 35.4 45.2 . 
1 ,2,3, 7 ,8,9-HxCDF 104 0 37.7 
2,3,4,6, 7,8-HxCDF 86 23.8 42.2 
1 ,2,3,4,6, 7,8-HpCDF 169 164 218 
1 ,2,3,4, 7,8,9-HpCDF 179 0 137 
OCDF 179 0 139 Cl

-
. 
' 

Total 2,3, 7 ,8-CDD 1,453 2,766 3,047 
Total 2,3, 7,8-CDF 1 '141 414 883 
Total TEO 314 95.5 170 

Total TCDD 102 NR NR 
Total PeCDD 104 NR NR 
Total HxCDD 145 NR NR 
Total HpCDD 359 NR NR 
Total OCDD 413 NR NR 
Total TCDF 90 NR NR 
Total PeCDF 131 NR NR 
Total HxCDF 172 NR NR 
Total HpCDF 27 NR NR 
Total OCDF 179 NR NR 

Total CDD/CDF 1,722 3,179 3,931 

Sources: 
U.S. EPA (1997b)- number of facilities not reported. 
EPRI ( 1994) - based on two cold side ESP-equipped power plants. 

Note: Assumes a density for residual fuel oil of 0.87 kg/L. 
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Ratio Factor (conacner eml••lon !"actor I total CDD/CDF emh•lon £acror) 
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Source: U.S. EPA (1995c; 1997b) 

Figure 4-7. Congener and Congener Group Profiles for Air Emissions from Industrial Oil-fueled Boilers 
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Table 4-15. COO/COF Concentrations in Stack Emissions from U.S. Coal-Fired Power Plants 

Congener /Congener Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6 Plant 7 
Group (pg/Nm 3 ) (pg/Nm 3 ) (pg/Nm 3 ) (pg/Nm 3) (pg/Nm 3 ) (pg/Nm 3) (pg/Nm 3 ) 

2, 3, 7 ,8-TCDO NO (3.5) NO 13.5) 1.0 NO (2.0) NO 13.3) NO (2.6) NO (1.7) 
1 ,2,3,7,8-PeCOO NO (0.56) NO (4.8) NO (1.8) NO (10) NO (4.7) NO (3.2). NO (1.81 
1 ,2,3,4,7,8-H:-:CDO NO (0.56) NO 15.71 NO (3.6) NO (10) NO (15.4) NO (2.7) NO (2.0) 
1 ,2,3,6,7,8-HxCOO NO (0.44) 5.0 NO (1.8) NO (10) NO (9.9) NO 14.2) NO 11.4) 
1 ,2,3,7,8,9-HxCOO NO 10.56) 4.9 NO (1.8) NO 11 0) NOI12.1) NO 14.'3) NO 11.2) 
1 ,2,J,tl,G,7,8 HpCOO NO 11.71 29 NO (1.8) NO (10) NO (26.4) 4.3 2.4 
OCOO NO (121 32 NO (14) NO (201 NO (131) 20 21 .6 

2,3,7,8-TCOF NO (1.7) 8.1 7.8 NO (2.01 NO (3.31 1 3 ·~· 0.7. 
1 ,2,3,7,8-PeCOF NO (1.0) NO (5.7) 7.2 NO (10) NO (3.21 NO (5.7) ,./ N~···( 1 . 1) 

2,3,<'1,7,8-PcCOF 2.4 NO (19) 6.6 NO (101 NO (3.2) NO (4.8) ;~ (1.4) 
1 ,2,3,4,7,8-HxCOF 3.3 16 8.4 NO 11 0) NO 116.4) NO (5.1) ' 0 (1.8) 

1 ,2,3,6,7,8-H:-:COF 1 . 1 NO (5.01 2.9 NO (10) NO 15.8) NO (4.0) NO 11.3) 
1 ,2,3, 7 ,8,9-HxCOF NO (0.44) 1 1 NO (1.8) NO (10) NO (8.8) NO (6.9) NO (1.5) 

2,3 ,4,6, 7 ,8-HxCOF NO (2.01 NO (4.2) 3.0 NO (101 NO (16.4) NO (2.5) NO (2.0) 

1, 2,3 ,4 ,6, 7 ,8-HpCDF 2.0 29 6.0 NO (10) NO (23) NO (30) NO (2.2) 

1 ,2,3,4, 7,8,9-HpCOF NO (0.63) NO (6.1) NO (3.6) NO (10) N0(15.4) NO (5.0) NO (2.1) 

OCOF 5.6 33 2.4 NO (20) NO (131) NO (19) 11.4 

Total 2,3,7,8-COO 0 71 1 0 o- 24.3 24 

Total 2,3,7,8-COF 14 97 44.3 0 o~ 13 1 2.1 -Total TCOO 1 .8 12 12 NR 6.7 NO (2.6) NO (55) 

Total PeCDD ND (1.0) 4.4 6.0 NO (10) NO (4.7) ND (3.2) ND (32) 

Total HxCOO 1 .3 18 2.7 NO (10) NO (26.3) NO (4.0) NO (24) 

Total HpCDO 3.4 45 NO (2.4) NO (10) NO (26.4) NO (14) NO (8.1) 

Total OCOO NO (12) 32 NO (14) NO (20) NO (131) 20 21.6 

Total TCOF NO 15.2) 29 78 NO (2) NO (3.3) •· 88 NO (37) 

Total PeCOF 5.4 33 61 NO (10) NO (6.6) 14 3.0 

Total HxCOF 7.6 39 29 NO (10) NO (16.4) NO (5.0) NO (27) 

Total HpCOF 4.3 34 9.0 NO (10) NO (29.5) NO (20) 2.9 

Totcli OCOF 5.6 33 2.4 NO (20) NO (131) NO (19) 11 .4 

Total COO/COF 29 279 200.1 0 6.7 122 38.9 

.. ' -· ' . 

NO = Not detected; value in parentheses is the detection limit. 

NR = Not reported; suspected contamination problem. 
Source: Riggs eta!. (1995) 
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Table 4-16. Characteristics of U.S. Coal-Fired Power Plants Tested by DOE 

Temperature {°C) at: 
··-

Coal 
~Chlorine Pollution Control Devicea 

Plant ,.,-~tent 

No. Coal Type,-
/' ', "\ ESP Bag FGD Stack . '·. (nig/kg) 

1 Bituminous 800 160 -- -- 160 
~ 

2 Bituminous 1,400 130 -- -- 130 
f 

3 Subbituminous 300 -- 150 -- 150 

4 Subbituminous 390 -- 70 .. 130 75 

! 5 Bituminous 1,400 130 I \_.1 -- 120 40 

6 Lignite 400 170 -- 170 11 0 

7 .;Bituminous 1,000 150 -- -- 150 
-

a ESP = Electrostatic precipitator, Bag Bag house, FGD Flue gas desulfurization system. 

Source: Riggs et al. ( 1995) . 

•• 

• 
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Table 4-17. COO/COF Emission Factors for Coal-Fired Utility/Industrial Power Plants 

Mean Emission Factor 
! 

Congener/Congener Gr61fp-'"\ NO = zero NO= 1/20L 
.. --t: .. ~... ··~ ' (ng/kg coal) (ng/kg coal) 

'· .-
2,3, 7 ,8-TCOO 0.007 0.020 
1 ,2,3, 7 ,8-PeCOO 0 0.018 
1 ,2,3,4, 7,8-HxCDD 

~,' 

0.038 0 
1 ,2,3,6, 7 ,8-HxCOO 0.005 0.031 
1 ,2,3, 7,8,9-HxCOO 0.005 .0.039 
1 ,2,3,4,6, 7 ,8-HpCOO 0.216 0.241 
OCDD 0.517 ' 0.648 

2,3, 7-,8-TCOF 0~1 09\ 0.117 
1 ,2,3, 7,8-PeCOF 0.008 0.025 
2,3,4,7,8-PeCOF 0.075 0.085 
1 ,2,3,4, 7,8-HxCOF 0.110 0.136 
1 ,2,3,6, 7 ,8-HxCOF 0.016 0.031 
1 ,2,3, 7,8,9-HxCOF 0.015 0.043 
2,3,4,6, 7 ,8-HxCDF 0.054 0.075 
1 ,2,3,4,6, 7,8-HpCOF 0.354 0.385 
1 ,2,3,4, 7 ,8,9-HpCOF 0.097 0.126 
OCOF 0.159 0.281 

Total 2,3,7,8-COO 0.750 1.035 
Total 2,3,7,8-COF 0.997 1.304 
Total TEO 0.087 0.136 

Total TCOO 0.076 0.078 
Total PeCOO 0.027 0.029 
Total HxCDD 0.060 0.060 
Total HpCOD 0.106 0.120 
Total OCOD 0.517 0.648 
Total TCOF 0.230 0.250 
Total PeCOF 0.347 0.223 
Total HxCDF 0.209 0.209 
Total HpCOF 0.127 0.133 
Total OCDF 0.159 0.281 

Total CDD/CDF 1.86 2.03 

Source: EPRI (1994)- 11 facility data set. 
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Ratio (congener emission factor I total CDD/CDF emission factor) 
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Ratio (congener group emission factor I lola! CDD/CDF emission factor) 
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Figure 4-8. Congener and Congener Group Profiles for Air Emissions 
from Industrial/Utility Coal-fueled Combustors 

0.09 
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Table 4-18. CDD/CDF Emission Factors from Residential Coal Combustors 

"Salt" Lignite "Normal" Lignite Anthracite Bituminous 
Ref. A Ref. A Ref. B Ref. B 

Congener/Congener Group (ng/kg coal) (ng/kg coal) (ng/kg coal) (ng/kg coal) 

2,3,7,8-TCDD 0.?8 0.06 1.60 2.40. 
1 ,2,3, 7,8-PeCDD o.r~ .. , 0.08 NR NR 
1 ,2,3,4, 7,8-HxCDD (),_~3 .. ,.. ' 0.06 NR NR 
1 ,2,3,6, 7,8-HxCDD 0.6'0 . 0.09 NR NR 
1 ,2,3, 7,8,9-HxCDD 0.40 0.06 NR NR 
1 ,2,3,4,6, 7,8-HpCOO 3.24 0.59 NR NR 
OCDD 

/ 
16.19 2.42 77 120 

2,3,7,8-TCDF 2.49 0.50 42.0 63.0 
1 ,2,3, 7,8-PeCDF 2.24 0.43 NR NR 
2,3,4, 7,8-PeCDF 2.09 0.31 NR NR 
1, 2,3,4, 7 ,8-HxCDF 0.38 0.13 NR NR 
1 ,2,3,6~7,8-HxCDF 1.86 0.36 NR NR 
1 ,2,3,7:8,9-HxCDF 0.07 0.02 I I ' NR NR 
2,3,4,6, 7 ,8-HxCDF 1.01 0.12 NR NR 
1 ,2,3,4,6, 7,8-HpCDF 2.59 0.95 NR NR 
1, 2,3,4, 7 ,8,9-HpCDF 0.25 0.06 NR NR 
OCDF 0.63 0.30 4.2 6.3 

Total 2,3, 7,8-COD 22.37 3.38 NR NR 
Total 2,3, 7,8-COF 13.60 3.20 NR NR 
Total TEO 2.74 0.34 60.0 98.5 

Total TCDD 14.23 9.00 61.6 92.4 
Total PeCDD 14.15 2.22 31 46 
Total HxCDD 11.14 1.81 60 90 
Total HpCDD 7.06 0.82 57 86 
Total OCDD 16.19 2.42 77 120 
Total TCDF 80.34 20.33 412 613 
Total PeCDF 29.21 8.98 340 550 
Total HxCDF 12.72 3.78 130 190 
Total HpCDF 3.87 1.27 32 47 
Total OCDF 0.63 0:30 4.2 6.3 

.. 
Total CDD/CDF 189.5 50.93 1,205 1,841 

Sources: Ref A: Thub et al. ( 1 995); listed results represent means of three flue gas sampl~s: 
Ref B: U.S. EPA ( 1997b); based on average particulate CDD/CDF concentrations from chimney 

soot samples collected from seven coal ovens and particulate emission factors for 
anthracite and bituminous coal combustion. 

NR = not reported. 
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Figure 4-9. Congener Group Profile for Air Emissions from Residential Coal-fueled Combustors 
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scrap wire recovery facilities. However, a recent inventory of CDD/CDF sources in the San 

Francisco Bay area noted that two facilities in the Bay area thermally treat electric motors 

to recover electrical windings (BAAOMD, 1996) . 
. j 

In addition to releases frdm~~gulated recovery facilities, CDD/CDF releases from 

small-scale burning of wire,at'l:7r11egbiated facilities and open air sites have occurred; the 

current magnitude of small-scale, unregulated burning of scrap wire in the United States is 
.J; 

not known. For example, Harnly et al. (1995) analyzed soil/ash mixtures from three closed 

metal recovery facilities and frorn three closed sites of open burning for copper recovery 

near a California desert town. The geometric mean of the total CDD/CDF concentrations at 

the f9.cility sites and the open burning sites was 86,000 and 48,500 ng/kg, respectively. 
. I 1.\ 

The geometric mean TEO concentrations were 2,900- and 1 ,300-ng TEO/kg, respectively. 

A significantly higher geometric mean concentration (19,000-ng TEO/kg) was found in fly 

ash located at two of the facility sites. The congener-specific and congener group results 

from this study are presented in Table 7-7. The results show that the five dominant 

congeners in the soil/ash samples at both the facility and open burning sites were OCDF, 

1 ,2,3,4,6,7 ;8-HpCDF, 1,2,3,4, 7 ,8-HxCDF, and 2,3, 7 ,8-TCDF. A slightly different profile 

was observed in the fly ash samples with 1 ,2,3, 7 ,8-PeCDF and 1,2,3,4,7,8,9-HpCDF 

replacing OCDD, and 2,3,7,8-TCDF as dominant congeners. 

Van Wijnen et·al. (1992) reported similar results for soil samples collected from 

unpermitted former scrap wire and car incineration sites in The Netherlands. Total 

CDD/CDF concentrations in the soil ranged from 60 to 98,000 ng/kg, with 9 of the 1 5 soil 

samples having levels above 1,000 ng/kg. Chen et al. ( 1 986) reported finding high levels 

of CDD/CDFs in residues from open air burning of wire in Taiwan, and'Huang et al. (1992) 

reported elevated levels in soil near wire scrap recovery operations in Japan. Bremmer et 

al. (1994) estimated an emission rate to air of 500-rig TEO/kg' of scrap for illegal, 

unregulated burning of cables in The Netherlands. 

7.6. DRUM AND BARREL RECLAMATION FURNACES 

Hutzinger and Fiedler (1991 b) reported detecting CDD/CDFs in stack gas emiss ons 

from drum and barrel reclamation facilities at levels ranging from 5 to 27 ng/m 3. EPA 

measured dioxin-like compounds in the stack gas emissions of a drum and barrel 

reclamation furnace as part of the National Dioxin Study (U.S. EPA, 1987a). 
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Drum and barrel reclamation furnaces operate a burning furnace to thermally clean 

used steel 55-gallon drums of residues and coatings. The drums processed at these 

facilities come from a variety of sources in the petroleum and chemical industries. The 
; 

thermally cleaned drums are tl:ttvo.i\paired, repainted, relined, and sold for reuse. The drum 

burning process subjects usecl'tlrurhs to an elevated temperature in a tunnel furnace for a 

sufficient time so that the paint, interior linings, and previous contents are burned or 

disintegrated. The furnace is fired by auxiliary fuel. Used drums are loaded onto a 

conveyor that moves at a fixed speed. As the drums pass through the preheat and ignition 

zone of the furnace, additional contents of the drums drain into the furnace ash trough. A 

drag conveyor moves these sludges and ashes to a collection pit. The drums are air cooled 
t ' \ \ 

as they exit the furnace. Exhaust gases from the burning furnace are typically drawn 

through a breeching fan to a high-temperature afterburner. 

The afterburner at the facility tested by EPA operated at an average of 82JCC during 

testing and achieved a 95 percent reduction in CDD/CDF emissions (U.S. EPA, 1987a). 

Emission factors estimated for this facility are presented in Table 7-8. Based on the 

measured congener and congener group emissions, the average TEO emission factor was 

estimated in U.S. EPA (1997b) to be 49.4-ng TEO per drum. The congener group profile is 

presented in Figure 7-6. 

Approximately 2.8- to 6.4-million 55-gallon drums are incinerated annually in the 

United States (telephone conversation between P. Rankin, Association of Container 

Reconditioners, and C. D'Ruiz, Versar, Inc., December 21, 1992). This estimate is based 

on the following assumptions: (1) 23 to 26 incinerators are currently in operation; (2) each 

incinerator, on average, handles 500 to 1 ,000 drums per day; and (3) on average, each 

incinerator operates 5 days per week, with 14 days downtime per year for maintenance 

activities. The weight of 55-gallon drums varies considerably; however, on average, a 

drum weighs 38 lbs (or 17 kg); therefore, an estimated 48- to 1 09-million kg of drums are 

estimated to be incinerated annually. Assuming that 4.6-million drums are burned each 

year (i.e., the midpoint of the range) and applying the mean emission factor developed 

above (i.e., 49.4-ng TEO per drum), the estimated annual emission of TEO is 0.23 grams 

per year of TEO. No activity level data are available that would enable annual emission 

estimates to be made specifically for reference years 1987 and 1995. 
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A "low" confidence rating is assigned to the activity level estimate because it is 

based an expert judgement rather than a published reference. A "low" confidence rating is 

als~ assigned to the emission\tp,S,, because it was developed from stack tests c~n~ucted 

at JUSt one U.S. drum andba<f"':l(,l fillrnace and, thus, may not represent average em1ss1ons 
/. 

from current operations' in the United States. Based on these confidence ratings, the 

estimated range of potential annual emissions is assumed to vary by a factor of 1 0 

between the low and high ends of the range. Assuming that the best estimate of 'annual 

emissions (0.23-g TEO/yr) is the geometric mean of this range, then the range is calculated 

to be 0.07- to 0. 73-g TEO/yr. 
I I \ 
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Table 7-7. Geometric Mean COO/CDF Concentr.1tions :n Fly Ash and Ash/Soil at Metal Recovery S1tes 

3 Metal Recovecv Facilities Open Burn Sites 

-· ····~ - FfY"\sh (2 sites) Ash/Soil (3 sites) Ash/Soil (3 sites) 

Congener/Congener Group ' 
·'"' ·,., ~. 

Geom. Relative% Geom. Relative% Geom. Relative% 
mean of Total mean of Total mean of Total 

(:<g/kg) CDD/CDF (;Jg/kg) CDD/CDF (;ig/kg) CDD/CDF 

' 
2,3, 7,8-TCDD . . . 
1 ,2,3, 7,8-PeCDD 400 0.1"\J 0.24 0.3% 0.24 ' 0.5% 
1 ,2,3,4, 7 ,8-HxCDD 1,200 0.2'!o 0.25 0.3% 0.13 0.3% 
1 ,2,3,6, 7,8-HxCDD 2,300 0.5'!o 0.49 0.6% 0.33 0.7% 
1 ,2,3, 7,8,9-HxCDD 1,700 0.3% 1.3 1.5% 0.39 0.8% •. 
1 ,2,3,4,6, 7,8-HpCDD 12.000 2.4% 2.6 3.1% 1.2 2.5% 
0\;:DD 18,000 3.5'!o 7.2\ I 8.5% 3.4 7.0% 

2,3, 7,8-TCDF 15,000 2.9% 6.4 7.5% 1.7 3.5% 
· 1,2,3,7,8-PeCDF 35,000 6.9% 2.9 3.4% 0.58 1.2% 

2,3,4, 7,8-PeCDF 10,000 2.0% 1.4 1.6% 0.66 1.4% 
1 ,2,3,4, 7 ,8-HxCDF 4G,OOO 9.0% 5.9 6.9% 2.7 5.6% 
1 ,2,3,6, 7,8-HxCDF 12,000 2.4'!o 1.8 2.1% 0.76 1.6% 
1 ,2,3, 7,8,9-HxCDF 5,000 1.0% 0.92 1.1% 0.66 1.4% 
2,3,4,6, 7 ,8-HxCDF 5,000 1.0% 1.6 1.9% 0.49 1.0% 
1 ,2,3,4,6, 7,8-HpCDF 71,000 13.9% 12 14.1% 4.3 8.9% 
1 ,2,3,4, 7,8,9-HpCDF 25,000 4.9% 3 3.5% 0.71 1.5% 
OCDF 100,000 19.6% 14 16.5% 6.6 13.6% 

Total TCDD . . . . . . 
Total PeCDD 2,000 0.4% 1.4 1.6% 2.8 5.8% 
Total HxCOD 4,000 0.8% 2.7 3.2% 0.98 2.0% 
Total HpCDD 24,000 4.7% 4.1 4.8% 2.0 4.1% 
Total OCDD 18,000 3.5% 7.2 8.5% 3.4 7.0% 
Total TCDF 23,000 4.5% 14 16.5% 5.6 11.5% 
Total PeCDF 110,000 21.6% 12 14.1% 7.0 14.4% 
Total HxCDF 88,000 17.3% 12 14.1% 7.6 15.7% 
Total HpCDF 110,000 21.6% 1 7 20.0% 7.4 15.3% 
Total OCDF 100,000 19.6% 14 16.5% 6.6 1:3:6% 

Total TEO 19,000 2.9 1. 3 
Total CDD/CDF 510,000 85 48.5 

• = Analytical method utilized had low sensitivity for TCDDs; resu':.; were not reported. 

Source: Harnly et al. I 1995) 
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Table 7-8. CDD/CDF Emission Factors for a Drum and Barrel Reclamation Furnace 

' 
Mean Facility 

\.~~<'~· Emission Factora 
Congener /Congener Grou~ (ng/drum) 

' 2,3,7,8-TCDD 
J 

2.09 
1 ,2,3, 7,8-PeCDD NR 
1 ,2,3,4, 7,8-HxCDD -q: NR 
1 ,2,3,6, 7,8-HxCDD NR 
1 ,2,3, 7,8,9-HxCDD NR 
1 ,2,3,4,6, 7,8-HpCDD NR 
OCDD 37.5 

2,3, 7,8-TCDF 
\ 

1 ,2,3, 7 ,8-PeCDF 
u 36.5 

NR 
2,3,4, 7,8-PeCDF NR 
1 ,2,3,4, 7,8-HxCDF NR 
1 ,2,3,6, 7,8-HxCDF NR 
1 ,2,3, 7,8,9-HxCDF NR 
2,3,4,6, 7,8-HxCDF NR 
1 ,2,3,4,6, 7 ,8-HpCDF NR 
1 ,2,3,4, 7,8,9-HpCDF NR 
OCDF 22.4 

Total 2,3, 7,8-CDD NR 
Total 2,3.7,8-CDF NR 
Total TEO 49.4b 

Total TCDD 50.29 
Total PeCDD 29.2 
Total HxCDD 32.2 
Total HpCDD 53.4 
Total OCDD 37.5 
Total TCDF 623 
Total PeCDF 253 
Total HxCDF 122 
Total HpCDF 82.2 
Total OCDF 22.4 

Total CDD/CDF 1,303 

NR = Not reported. 

a 

b 

No nondetected values were reported for 2,3,7,8-TCDD, 2,3,7,8-TCDF, or any congener group in 
the three test runs. 
Estimated in U.S. EPA (1995c) based on the measured congener and congener group emissions. 

Source: U.S. EPA (1987a). 
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Figure 7-6. Congener Group Profile for Air Emissions from a Drum Incinerator 
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8. CHEMICAL MANUFACTURING AND PROCESSING SOURCES 

8.1. BLEACHED CHEMICAl,. WOOD PULP AND PAPER MILLS 
:~~,., 

In March of 1988, EPA~<H'h\ the U.S. pulp and paper industry jointly released the _,., '). ' 

results from a screening st~d}>th~t provided the first comprehensive data on formation and 

discharge of CDDs and CDFs from pulp and paper mills (U.S. EPA, 1988a). This early 
{ 

screening study of five bleached kraft mills ("Five Mill Study") confirmed that the pulp 

bleaching process was primarily responsible for the formation of the CDDs and CDFs. The 

study results showed that 2,3,7,8-TCDD was present in seven of nine.,bleach pulps, five of 

fivE? wastevvater treatment sludges, and three of fivE\ tr~ated wastewater effluents. The 

study results also indicated that 2,3,7,8-TCDD and 2,3,7,8-TCDF were the principal CDDs 

and CDFs formed. 

To provide EPA with more complete data on the release of these compounds by the 

U.S. industry, EPA and the U.S. pulp and paper industry jointly conducted a survey during 

1988 of 104 pulp and paper mills in the United States to measure levels of 2,3, 7 ,8-TCDD 

and 2,3, 7,8-TCDF in effluent, sludge, and pulp (U.S. EPA, 1990a). This study, commonly 

called the 1 04-Mill Study, was managed by the National Council of the Paper Industry for 

Air and Stream Improvement, Inc. (NCASI) with oversight by EPA, and included all U.S. 

mills where chemically produced wood pulps were bleached with chlorine or chlorine 

derivatives. The final study report was released in July 1990 (U.S. EPA, 1990a). 

An initial phase of the 1 04-Mill Study involved the analysis of bleached pulp ( 10 

samples), wastewater sludge (9 samples), and wastewater effluent (9 samples) from eight 

kraft mills and one sulfite mill for all 2,3,7,8-substituted CDDs and CDFs. These analyses 

were conducted to test the conclusion drawn in the Five-Mill Study that 2,3,7,8-TCDD and 

2,3,7,8-TCDF were the principal CDDs and CDFs found in pulp, wastewater sludge, and 

wastewater effluent on a toxic equivalents basis. Although at the time of this study there 

were no reference analytical methods for many of the 2,3, 7,8-substituted CDDs/CDFs, the 

data obtained were considered valid by EPA for the purposes intended based upon the 

identification and quantification criteria used, duplicate sample results, and limited matrix 

spike experiments. Table 8-1 presents a summary of the results obtained in terms of the 

median concentrations and the range of concentrations observed for each matrix (i.e., pulp, 

sludge, and effluent). Figures 8-1 through 8-3 present congener profiles for each matrix 
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(normalized to total CDD/CDF and to total TEO) using the median reported concentrations . 

Based on examination of the raw, mill-specific data, EPA (1990a) concluded that the 

congener profiles were fairly c;onsistent across matrices within mills and that 2,3, 7,8-TCDD 
' 

and 2,3,7 ,8-TCDF account for,_n~ajority of TEO in the samples. Using the median 
<""•, . ,. 

concentrations and treating nontletected values as either zero or the detection limit, EPA 
'J 

(1990a) demonstrated that 2,3,7,8-TCDD and 2.3,7,8-TCDF accounted for 92.8 to 99.0 
:f 

percent of the total TEO found in pulp, 92.7 to 95.8 percent of the TEO in sludge~ and 

72.7 to 91.7 of the TEO in effluent. 

A similar full-congener analysis study was reported by NCASI for samples collected 

fromteight mills during the mid-1990s (Gillespie, 1991). LThe results of these analyses are 

presented in Table 8-2. The frequencies of detection of 2,3,7,8-TCDD and 2,3,7,8-TCDF 

were significantly lower than in the previous 1988 study. Therefore, deriving meaningful 

summary statistics concerning the relative importance of 2,3,7,8-TCDD and 2,3,7,8-TCDF 

to the total TEO is difficult. Treating all nondetected values as zero indicates that 2,3,7,8-

TCDD and 2,3,7,8-TCDF may account for 91 percent of the total effluent TEO, 46 percent 

of the total sludge TEO, and 87 percent of the total pulp TEO. Because of the high 

frequency of nondetects, treating all nondetected values as the detection limits indicates 

that 2,3, 7,8-TCDD and 2,3, 7,8-TCDF account for only 12 percent of the total effluent 

TEO, 14 percent of the total sludge TEO, and 1 2 percent of the total pulp TEO. 

In 1992, the pulp and paper industry condJcted its own NCASI-coordinated survey 

of 2,3,7,8-TCDD and 2,3,7,8-TCDF emissions. The collected data were summarized and 

analyzed in a report entitled Summary of Data ReNective of the Pulp and Paper Industry 

Progress in Reducing the TCDD/TCDF Content of Effluents, Pulps, and Wastewater 

Treatment Sludges (NCASI, 1993). Ninety-four rrills participated in the NCASI study, and 

NCASl assum,ed that the remaining 10 (of 1 04) operated at the same levels as measured in 

the 1988 104 Mill Study. All nondetected values were counted as half the detection limit. 

It detection limits were not reported, they were assumed to be 10 ppq for effluent and 1 
; 

ppt for sludge or bleached pulp. The data used in the report were provided by individual 

pulp and paper companies that had been requestej by NCASI to generate the data using 

the same protocols used in the 1 04-Mill Study. N':ASI ( 1993) reported that the pulp and 

paper industry had taken numerous steps to reduc<:: CDD/CDF releases since 1988, and that 
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the 1992 survey results were more reflective of releases at the end of 1992 than the data 

generated in the 1 04-Mill Study. 

As part of its ongoing effbrts to develop revised effluent guidelines and standards 
:{~ 

for the pulp, paper, and paperbo~rd~~ustry, EPA in 1993 published the Development 

'· 
Document for the guidelines and standards being proposed for this industry (U.S. EPA, 

1993d). The Developn;Jent Document presents estimates of the 2,3,7,8-TCDD and 2,3,7,8-

TCDF annual discharges in wastewater from the mills in this industry as of January 1, 

1993. EPA used the most recent information about each mill from four data bases (1 04-

Mill Study, EPA short-term monitoring studies at 13 mills, EPA long-term ·monitoring studies 

at 8 n1ills, and industry self-monitoring data submitted tb ~PA) to estimate these 

discharges. The 1 04-Mill Study data were used only for those mills that did not report 

making any process changes subsequent to the 1 04-Mill Study and did not submit any 

more recent effluent monitoring data. 

Gillespie (1994; 1995) reported the results of 1993 and 1994 updates, respectively, 

to the 1992 NCASI survey. As was the case in the 1992 survey, companies were 

requested to follow the same protocols for generating data used in the 1 04-Mill Study. -

Gillespie (1994; 1995) reported that less than 10 percent of mills had 2,3,7,8-TCDD and 

2,3, 7,8-TCDF concentrations in effluent above the nominal detection limits of 10 ppq and 

100 ppq, respectively. Similar results were obtained in the short- and long-term sampling 

reported for 18 mills in U.S. EPA (1993d); 2,3, 7,8-TCDD was detected at four mills, and 

2,3, 7 ,8-TCDF was detected at nine mills. Gillespie (1994) reported that wastewater 

sludges at most mills (i.e., 90 percent) contained less than 31 ppt of 2,3, 7 ,8-TCDD and 

less than 100 ppt of 2,3,7,8-TCDF. Gillespie (1995) also reported that 90 percent of the 

mills reported 2,3, 7,8-TCDD and 2,3, 7,8-TCDF concentrations in sludge of less than 17 ppt 

and 76 ppt, respectively, in 1994. U.S. EPA (1993d) reported similar results but found 

detectable levels of 2,3,7,8-TCDD and 2,3,7,8-TCDF in sludges from 64 percent and 85 

percent of the facilities sampled, respectively. Gillespie (1994) reported that nearly 90 

percent of the bleached pulps contained less than 2 ppt of 2,3,7,8-TCDD and less than 160 

ppt of 2,3, 7,8-TCDF. Gillespie (1995) reported that 90 percent of the bleached pulps 

contained 1.5 ppt or less of 2,3,7,8-TCDD and 5.9 ppt or less of 2,3,7,8-TCDF. The final 

levels in white paper products would correspond to levels in bleached pulp, so bleached 

paper products would also be expected to contain less than 2 ppt of 2,3,7,8-TCDD. 
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Overall, a 92 percent reduction in TEO generation from 1 988 to 1 993 was reported by 

Gillespie (1994), with an additional 2 percent reduction reported in 1994 by Gillespie 

(1995}. ~; 
J-.. 

Estimates of National"'~'f~pns in 1987 and 1995 -The U.S. annual discharges of 
' . 

2,3,7,8-TCDD, 2,3,7,8<FCDF, and TEOs due to these two compounds are summarized in 

Table 8-3 for each qf the five surveys discussed above. The release estimates for 1994 

from Gillespie (1995} and 1988 from U.S. EPA (1990a} are believed to best represent 

emissions in the reference years 1995 and 1987, respectively. During the period between 

the conduct of the 1 04-Mill Study and the issuance of the U.S. EPA Development 

Document (U.S. EPA, 1993d), the U.S. pulp and paper ~ridustry reduced releases of 

CDD/CDFs primarily by instituting numerous process changes to reduce the formation of 

CDD/CDFs during the production of chemically bleached wood pulp. Details on the process 

changes implemented are provided in U.S. EPA (1993d} and Gillespie (1995}. Because 

most of the reduction between 1988 and 1994 can be attributed to process changes of a 

pollution prevention nature, it should be expected that the percentage reduction observed in 

effluent, sludge, and pulp emissions over this time period should be very similar, which is 

indeed the case. Observed percentage reductions in emissions are 92 percent, 89 percent, 

and 93 percent for effluent, sludge, and pulp, respectively. 

The confidence ratings for· these release estimates were judged to be high based on 

the fact th-at direct measurements were made ct virtually all facilities, indicating a high level 

of confidence in both the production and emission factor estimates. Based on these high 

confidence:ratings, the estimated ranges of potential annual emissions for effluent, sludge, 

and pulp are assumed to vary by a factor of 2 between the low and high ends of the 

ranges. Assuming that the'best estimates of annual emissions in 1995 (i.e., the 1994 

estimates p·resented iti Table 8-3} are the geometric means of the likely ranges, then the 

ranges are calculated to be 13.8- to 27.6-g TEOiyr for effluent, 20.0- to 40.0-g TEO/yr for 

sludge, and 17.0- to 34.0-g TEO/yr for pulp (i.e., TEOs that will enter the environment in 

the form of paper products}.· Assuming that thE: best estimates of annual emissions in 

1987 (i.e., the 1988 estimates presented in Table 8-3) are the geometric means of the 

likely ranges, then the ranges are calculated to be 252- to 504-g TEO/yr for effluent, 243-

to 485-g TEO/yr for sludge, and 375- to 714-g TEO/yr for pulp. 
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In 1990, the majority of the wastewater sludge generated by these facilities was 

landfilled or placed in surface impoundments (75.5 percent), with the remainder incinerated 

(20.5 percent), applied to land directly or as compost (4.1 percent), or distributed as a 
_\~ 

commercial product (less than"''l'-p'\.[cent) (U.S. EPA, 1993e). No more recent (i.e., 1995) 
,::-"7-'~ ... , _, ~ ~ 

or earlier (i.e., 1987) data on disposition of wastewater sludges are available. Using these 

statistics, the best e,?timate of TEO applied to land (i.e., not incinerated or landfilled) in 

1995 was 1 .4 g (i.e., 4.1 percent of 28.4 g), and the range is 1.0- to 2.0-g TEO/yr. The 

central estimate and range for 1987 are 14.1-g TEO (i.e., 4.1 percent of 343 g) and 10- to 

20-g TEO, respectively. 

' \ I 

8.2. MANUFACTURE OF CHLORINE, CHLORINE DERIVATIVES, AND METAL CHLORIDES 

No testing of CDD/CDF emissions to air, land, or water from U.S. manufacturers of 

chlorine, chlorine derivatives, and metal chlorides have been reported upon which to base 

estimates of national emissions. Sampling of graphite electrode sludges from European 

chlorine manufacturers indicates high levels of CDFs. Limited sampling of chlorine 

derivatives and metal chlorides in Europe indicates low level contamination in some 

products. 

8.2.1. Manufacture cif Chlorine 

Chlorine gas is produced by electrolysis of brine electrolytic cells. Until the late 

1970s, mercury cells containing graphite electrodes were the primary type of electrolytic 

process used in the chloralkali industry to produce chlorine. As shown in Table 8-4, high 

levels of CDFs have been found in several samples of graphite electrode sludge from 

facilities in Europe. The CDFs dominate the COOs in these sludges, and the 2,3,7,8-

substituted congeners account for a large fraction of the respective congener totals (Rappe 

et al., 1990b; Rappe et al., 1991; Rappe, 1993; Strande!! et al., 1994). During the 1980s, 

titanium metal anodes were developed to replace graphite electrodes (U.S. EPA, 1982a; 

Curlin and Bommaraju, 1991 ). Currently, no U.S. facility is believed to use graphite 

electrodes in the production of chlorine gas (telephone conversation between L. Phillips, 

Versar, Inc., and T. Fielding, U.S. EPA, Office of Water, February 1993). 

Although the origin of the CDFs in graphite electrode sludge is uncertain, 

chlorination of the cyclic aromatic hydrocarbons (such as dibenzofuran) present in the coal 
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gas or in samples of 10 percent sodium hypochlorite, 13 percent sodium hypochlorite, and 

31-33 percent hydrochloric acid at a detection limit of 1 ,ug/kg. 

Hutzinger and Fiedler (1:\~91 a) reported the results of analyses of samples of FeCI2, 

AIC1 3 , CuC1 2 , CuCI, SiCI4 , ansJ,.:f~ci}for their content of HpCDF, OCDF, HpCDD, and OCDD. 
' . . 

The sample of FeCI 3 con~ained H'pCDF and OCDF in the low ~~g/kg range, but no HpCDD or 

OCDD were detecteqj- at a detection limit of 0.02 ,ug/kg. One of the two samples of AICI3 

analyzed also contained a low 119/kg concentration of OCDF. The samples of CuCI? and 

CuCI contained sub !'9/kg concentrations of HpCDF, OCDF, and OCDD. The results are 

presented in Table 8-5. 

1 I I 

8.3. MANUFACTURE OF HALOGENATED ORGANIC CHEMICALS 

Several chemical production processes generate CDDs and CDFs (Versar, 1985; 

Hutzinger and Fiedler, 1991 a). COOs and CDFs can be formed during the manufacture of 

chlorophenols, chlorobenzenes, and chlorobiphenyls {Versar, 1985; Ree et al., 1988). 

Consequently, disposal of industrial wastes from manufacturing facilities producing these 

compounds may result in the release of CDDs and CDFs to the environment. Also, the 

products themselves may contain these compounds, and when used/consumed, may result 

in additional releases to the environment. COD and CDF congener distribution patterns 

indicative of noncombustion sources have been observed in sediments in southwest 

Germany and The Netherlands. The congener patterns found suggest that wastes from the 

production of chlorinated organic compounds may be important sources of COD and CDF 

contamination in these regions (Ree et al., 1988). The production and use of many of the 

chlorophenols, chlorophenoxy herbicides, and PCB products are banned or strictly regulated 

in most countries. However, these products may have been a source of the environmental 

contamination that occurred prior to the 1 970s and may continue to be a source of 

environmental releases based on limited use and disposal conditions (Rappe, 1992a). 

8.3.1. Chlorophenols 

Chlorophenols have been widely used for a variety of pesticidal applications. The 

higher chlorinated phenols (i.e., tetrachlorophenol and pentachlorophenol) and their sodium 

• salts have been primarily used for wood preservation. The lower chlorinated phenols have 

been used primarily as chemical intermediates in the manufacture of other pesticides. For 
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example, 2,4-dichlorophenol is used to produce the herbicides 2,4-0ichlorophenoxyacetic 

acid (2,4-0), 4-(2,4-0ichlorophenoxy)butanoic acid (2,4-08), 2-(2,4-0ichlorophenoxy)-

propanoic acid (2,4-DP). Nitrophen, Genite, and Zytron, while 2,4,5-trichlorophenol was 
~~ 

\. 
used to produce hexachlorop'l're""" 2,4,5-T, Silvex, Erbon, Ronnel, and Gardona (Gilman et 

f-, '>t' 
al., 1988; Hutzinger anc;l Fiedrer, 1991 a). [See Sections 8.3.7 and 8.3.8 for information on 

EPA actions to control COO/COF contamination of pesticides (including pentachlorophenol 
f. 

and its salts) and to obtain additional data on COO/COF contamination of pesticides.) 

The two major commercial methods used to produce chlorophenols are: (1) 

electrophilic chlorination of molten phenol by chlorine gas in the pres~nce of catalytic 

an)Ountsof a metal chloride and organic chlorinatior RfQmoters and stabilizers; and (2) 

alkaline hydrolysis of chlorobenzenes under heat and pressure using aqueous methanolic 

sodium hydroxide. Other manufacturing methods include conversion of diazonium salts of 

various chlorinated anilines, and chlorination of phenolsulfonic acids and benzenesulphonic 

acids, followed by the removal of the sulphonic acid group (Gilman et al., 1988; Hutzinger 

and Fiedler, 1991 a). 

Because of the manufacturing processes employed, commercial chlorophenol 

products can contain appreciable amounts of impurities (Gilman et al., 1988). During the 

direct chlorination of phenol, CDD/CDFs can form either by the condensation of tri-, tetra-, 

and pentachlorophe'nols or by the condensation of chlorophenols with 

hexachlorocyclohexadienone (which forms from excessive chlorination of phenol). During 

alkaline hydrolysis of chlorobenzenes, CDO/CDFs can form 'through chlorciphenate 

condensation (Ree et al., 1988; Gilman et al., 1988; Hutzinger and Fiedler, 1991 a) . 

. The limited information on COO/CDF concentrations· in chloropheriols published in 

the 1970s and early 1980s was compiled by Versar (1985) and Hutzinger and Fiedler 

(1991 a). The results of several major studies cited by these reviewers (Firestone et al., 

1972; Rappe et al., 1978a and 1978b) are presented in Table 8-6: Typically, CDD/CDFs 

were not detected in monochlorophenols (MCP) and dichlorophenols (DCP) but were 

reported in trichlorophenols (TrCP) and tetrachlorophenols (TeCP). More recent results of 

testing of 2,4-dichlorophenol (2,4-DCP) performed in response to the Toxic Substances 

Control Act (TSCA) Dioxin/Furan Test Rule shov1ed no detectable concentrations of 

2,3, 7,8-substituted tetra- through hepta-CDD/CDFs. Other than a study by Hagenmaier 

(1986) that reported finding 2,3,7,8-TCDD at a concentration of 0.3 MQ/kg in a sample of 
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2,3,4,5-tetrachlorophenol, no more recent data on concentrations of COOs and CDFs could • 

be found in the literature for the mono- through tetra-chlorophenols. Tables 8-7 and 8-8 

present summaries of several_studies that reported CDO/CDF concentrations in PCP and in 
\ 

PCP-Na products, respective!V1'·~ny of these studies do not report congener-specific 
/''•, ':~. 

concentrations, and many are !'J·ased on products obtained from non-U.S. sources. 

Regulatory Actions- Section 8.3.8 of this report describes regulatory actions taken 
r·· 

by EPA to control the manufacture and use of chlorophenol-based pesticides. 

In the mid-1980s, EPA's Office of Solid Waste promulgated land disposal 

restrictions on wastes under RCRA (i.e., wastewaters and nonwastew~ters) resulting from 

the manufacture of chlorophenols (40 CFR 268). Ta91el~-9 lists all wastes in which COOs 

and CDFs are specifically regulated as hazardous constituents by EPA, including 

chlorophenol wastes (waste codes F020 and F021 ). The regulations prohibit the land 

disposal of these wastes until they are treated to a level below the routinely achievable 

detection limits in the waste extract listed in Table 8-9 for each of the following congener 

groups: TCODs, PeCDOs, HxCODs, TCDFs, PeCDFs, and HxCOFs. Wastes from PCP-wood 

preserving operations (waste codes K001 and F032) are also regulated as hazardous 

wastes under RCRA (40 CFR 261 ). 

EPA's Office of Water promulgated effluent limitations for facilities that manufacture 

chlorinated phenols and discharge treated wastewater (40 CFR 414. 70). These effluent 

limitations do not specifically regulate CDDs and CDFs; however, the treatment processes 

required to control the chlorinated phenols that are regulated (2-chlorophenol and 2,4,

dichlorophenol) are also expected to reduce releases of any COOs and COFs that may be· 

present in the untreated wastewater. The effluent limitations for the individual regulated 

chlorinated phenols are less than or equal to 39 ,ug/L for facilities that utilize biological end-

of-pipe treatment. 

DCPs and TrCPs are subject to reporting under the Dioxin/Furan Test Rule, which is 

discussed in Section 8.3.7 of this report. On the effective date of that rule (i.e., June 5, 

1987) and since that date, only the 2,4-DCP isomer has been commercially produced (or 

imported) in the United States, and as noted in Table 8-6, no COO/COFs were detected in 

the product. Testing is required for the other DCPs and TrCPs, if manufacture or 

importation resumes. Similarly, TeCPs were subject to reporting under the Dioxin/Furan 

Pesticide Data Call-In (DCI) (discussed in Section 8.3.8 of this report). Since issuance of 
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the DCI, the registrants of TeCP-containing pesticide products have elected to no longer 

support the registration of their products in the United States. 

In January 1987, EPA entered into a Settlement Agreement with pentachlorophenol 
·1 

·' (PCP) manufacturers, which 'S'et-~its on allowed uses of PCP and its salts and set 
-5•, "~' 

maximum allowable conyefltrmio.ris of 2,3, 7,8-TCDD and HxCDDs effective in February 

1989. Section 8.3.8 discusses the 1987 PCP Settlement Agreement and estimates current 
t 

releases of CDD/CDFs associated with use of PCP in the United States. 

Since the late 1980s, U.S. commercial production of chlorophenols has been limited 

to 2,4-dichlorophenof (2,4-DC:P) and PCP. As noted above, disposal of wastes generated 
', 

durjng the manufacture of chlorophenols are strictly
1 
re1g~lated and thus releases to the 

environment are expected to be negligible. With regards to releases associated with the 

use of 2,4-DCP, no CDD/CDFs have been detected in 2,4-DCP. Releases associated with 

the use of PCP are presented in Sections 8.3.8. 

8.3.2. Chlorobenzenes 

Chlorobenzenes have been produced in the United States since 1909. U.S . 

production· operations were developed primarily to provide chemical raw materials for the 

production· of phenol, aniline, and various pesticides based on the higher chlorinated 

benzenes. • Due to changes over time in the processes used to manufacture phenol and 

aniline, and to the phase-out of highly chlorinated pesticides such as DDT and 

hexachlorobenzene, U.S. production of chlorobenzenes decreased in 1988 to 50 percent of 

the peak production level in 1969. 

Chlorobenzenes can be produced via three methods: ( 1) electrophilic substitution of 

benzene (in liquid or vapor phase) with chlorine gas in the presence of a metal salt catalyst; 

(2) oxidative chlorination of benzene with HCJ at 150-300'C in the presence of a metal salt 

catalyst; and (3) dehydrohalogenation of hexachlorocyclohexane wastes at 200-240°C with 

.a carbon catalyst to produce trichlorbbenzene, which can be further chlorinated to produce 

higher chlorinated benzenes (Ree et al., 1988; Hutzinger and Fiedler, 1991 a; Bryant, 1993). 

All chlorobenzenes currently manufactured in the United States are produced using 

the electrophilic substitution process using liquid phase benzene (i.e., temperature is at or 

below 80°C). Ferric chloride is the most common catalyst employed. Although this 

method can be used to produce mono- through hexachlorobenzene, the extent of 
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chlorination is controlled to yield primarily MCBz and DCBz. The finished product is a 

mixture of chlorobenzenes, and refined products must be obtained by distillation and 

crystallization (Bryant, 1993). 

CDD/CDFs can be inad¥/,~.tently produced during the manufacture of chlorobenzenes 

by nucleophilic substitution a'h-q_ p0-olysis mechanisms (Ree et al., 1988). The criteria 

required for production of CDD/CDFs via nucleophilic substitution are: (1) oxygen as a 

nuclear substituent (i.e., presence of chlorophenols) and (2) production and/or purification 

of the substance under alkaline conditions. Formation via pyrolysis requires reaction 

temperatures above 150°C (Ree et al., 1988; Hutzinger and Fiedler, 1991 a). The liquid-

phase electrophilic substitution process currently used in the United States does not meet 
! I I \ 

any of these criteria. Although Ree et al. (1988) and Hutzinger and Fiedler (1991a) state 

that the criteria for formation of CDD/CDFs via nucleophilic substitution may be present in 

the catalyst neutralization and purification/distillation steps of the manufacturing process, 

Opatick (1995} states that the chlorobenzene reaction product in U.S. processes remains 

mildly acidic throughout these steps. 

Table 8-10 summarizes the very limited published information on CDD/CDF 

contamination of chlorobenzene products. The presence of CDD/CDFs has been reported in 

TCBz, PeCBz, and HCBz. No CDD/CDFs have been reported in monochlorobenzene (MCBz) 

and DCBz. Conflicting data exist concerning the presence of CDD/CDFs in TCBz. One 

study (Villanueva et al., 1974) detected no CDD/CDFs in one sample of 1 ,2,4-TCBz at a 

detection limit of 0.1 1-1g/kg. Hutzinger and Fiedler (1991 a) reported unpublished results of 

Dr. Hans Hagenmaier showing CDD/CDF congener group concentrations ranging from 0.02 

to 0.074 !-19/kg in a sample of mixed TCBz. Because the TCBz examined by Hagenmaier 

contained about 2 percent hexachlorocyclohexane, it is reasonable to assume that the 

TCBz was produced by dehydrohalogenation of hexachlorocyclohexane (a manufacturing 

process not currently used in the United States). 

Regulatory Actions - EPA has determined, as part of the Federal Insecticide, 

Fungicide, and Rodenticide Act (FIFRA) Pesticide Data Call-In (discussed in Section 8.3.8), 

that the 1 ,4-DCBz manufacturing processes used in the United States are not likely to form 

CDD/CDFs. MCBz, DCBz, and TCBz are also listed as potential precursor chemicals under 

the TSCA Dioxin/Furan Test Rule and are subject to reporting. (See Section 8.3.7.) In 

addition, a Significant New Use Rule (SNUR) was issued by EPA under Section 5(a)(2) of 
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TSCA on December 1, 1993, with an effective date of January 14, 1994, for PeCBz and 

1 ,2,4,5-TeCBz (Federal Register, 1993c). This rule requires persons to submit a significant 

new use notice to EPA at lea~t 90 days before manufacturing, importing, or processing 

either of these compounds in~~ri1~nts of 10,000 pounds or greater per year per facility for 
.f···, -.,.,' 

any use. All registratior:s of pesticide products containing HCBz were cancelled in the mid-

1980s (Carpenter etta!., 1986). 

EPA's Office of Solid Waste promulgated land disposal restrictions on wastes (i.e., 

wastewaters and nonwastewaters) resulting from the manufacture of chlorobenzenes (40 

CFR 268). Table 8-9 lists all solid wastes in which COOs and CDFs ar.~ specifically 

regu1ated as hazardous constituents by EPA, including <thlorobenzene wastes. The 

regulations prohibit the land disposal of these wastes until they are treated to a level below 

the routinely achievable detection limits in the waste extract listed in Table 8-7 for each of 

the following congener groups: TCDDs, PeCDDs, HxCDDs, TCDFs, PeCDFs, and HxCDFs. 

EPJ'1'.'s Office of Water promulgated effluent limitations for facilities that manufacture 

chlorinated. benzenes and discharge treated wastewater (40 CFR 414. 70): Although these 

• effluent limitations do not specifically address CDDs and CDFs, the treatment processes 

required to control the chlorinated benzenes that are regulated (chlorobenzene; 1,2-

dichlorobenzene; 1 ,3-dichlorobenzene; 1 A-dichlorobenzene; 1 ,2,4-trichlorobenzene; and 

hexachlorobenzene) are expected to reduce releases of any CDDs and CDFs that may be 

present in the untreated wastewater. The effluent limitations for the individual regulated 

chlorinated benzenes are less than or equal to 77 ,ug/L for facilities that utilize biological 

end-of-pipe treatment and are less than or equal to 196 .ug/L for facilities that do not 

employ biol9gical end-of-pipe treatment. 

Since at least 1993, U.S. commercial production of chlorobenzenes has been limited 

to MCBz, 1 ,2-dichlorobenzene (1 ,2-DCBz), 1 A-dichlorobenzene (1 ,4-DCBz); and, to a much 

lesser extent, 1 ,2,4-trichlorobenzene (1 ,2,4-TCBz). As noted above; CDD/CDF formation 

is not expected under the normal operating conditions of the processes currently used in 

the United States to produce these four chemicals. No tetra-,-penta-, or hexachlorinated 

benzenes are now intentionally produced or used in the United States (Bryant, 1993). 

Thus, releases of CDD/CDFs from manufacture of chlorobenzenes in 1995 were estimated 

• as negligible. Because the available information on CDD/CDF content of MCBz to PeCBz is 

very limited and is based primarily on unpublished European data and because information 
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on the chlorobenzene manufacturing processes in place during 1 987 is not readily available, • 

no emission estimates can be made for 1987. 

j 

-~. 
8.3.3. Chlorobiphenyls -~'~"·-~, 

.---"'·,., -,., ' 

PCBs are manufactt:1red by the direct batch chlorination of molten biphenyl in the 

presence of a cataly~J followed by separation and purification of the desired chlorinated 

biphenyl fractions. During the manufacture of PCBs, the inadvertent production of, CDFs 

also occurred, The purpose of this section is to address potential releases of CDD/CDFs 

associated with leaks and spills of PCBs. CDFs have been shown to form when PCB

cont~ining transformers and capacitors undergo malfunctibns or are subjected to fires that 

result in accidental combustion of the dielectric fluid. This combustion source of PCB-

associated CDFs is discussed in Section 6.6. Section 11 .2 addresses releases of dioxin-like 

PCBs. 

Production of PCBs is believed to have been confined to 10 countries. The total 

amount of PCBs produced worldwide since 1929 (i.e., the first year of known production) 

is estimated to total 1 . 5-billion kg. Initially, PCBs were primarily used as dielectric fluids in • 

transformers.· After World War II, PCBs found steadily increasing use as dielectric fluids in 

capacitors, as heat-conducting fluids in heat exchangers, and as heat-resistant hydraulic 

fluids in mining equipment and vacuum pumps. PCBs also were used in a variety of "open" 

applications (i.e., uses from which PCBs cannot be re-collected) including: plasticizers, 

carbonless copy paper, lubricants, inks, laminating agents, impregnating agents, paints, 

adhesives, waxes, additives in cement and plaster, casting agents, dedusting agents, 

sealing liquids, fire retardants, immersion oils, and pesticides (DeVoogt and Brinkman, 

1989). 

PCBs were manufactured in the United States from 1929 until 1977. U.S. 

production peaked in 1970, with a volume of 85-million pounds. Monsanto Corporation, 

the major U.S. producer, voluntarily restricted the use of PCBs in 1971, and annual 

production fell to 40-million pounds in 1 97 4. Monsanto ceased -PCB manufacture in mid-

1977 and shipped the last inventory in October 1977. Regulations issued by EPA 

beginning in 1977, principally under TSCA (40 CFR 761 ), strictly limited the production, 

import, use, and disposal of PCBs. (See Section 4.1 for details on TSCA regulations.) The 

estimated cumulative production and consumption volumes of PCBs in the United States 
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environment during the years 1988 through 1993. These TRI data include emissions to the 

air, discharges to bodies of water, and releases to land. Based on these data, annual 

emissions of PCBs to air during 1988 and 1993 could have been as high as 2. 7 kg and as 
~~ 

low as 0 kg, respectively. lf'Tf·i~urther assumed that the ratio of TEO to total PCB in the 
~'·· . '), ' 

air emissions was 0.17:1 ;000~000 (i.e., the average of the TEO contents for Clophen A-30 

and Clophen A-50 [i.e., 170 Jig/kg] reported by Hagenmaier (1987) and presented in Table 
fr 

8-12), then annual emissions of TEOs to air in 1988 and 1993 could have been 0.5 and 0 

mg, respectively. Similar assumptions for PCB releases to water of 4.5 kg in 1988 and 0 

kg in 1993 yield estimated TEO emissions during 1988 and 1993 of 0.8 and 0 mg, 

respectively. For land releases of 341 kg in 1988 a~d 11(0 kg in 1993, estimated TEO 

emissions during 1988 and 1993 are 58 and 20 mg, respectively. All of these estimated 

· releases are considered to be negligible (i.e., less than 1 gram per year). 

8.3.4. Polyvinyl Chloride 

Although it is recognized that CDD/CDFs are formed during the manufacture of 

ethylene dichloride (EDC) and vinyl chloride monomer (VCM), polyvinyl chloride (PVC) 

manufactJrers and environmental public interest groups disagree as to the quantity of 

CDD/CDFs formed and released to the environment in wastes and possibly PVC products. 

Insufficient information is available at this time to enable EPA to make definitive release 

estimates~· Although EPA regulates emissions from EDC!VC production facilities under the 

Clean Wat~r Act (40 CFR 61 ), the Clean Air Act (40 CFR 414), and RCRA (40 CFR 268-

Waste Codes F024, K019, and K020), CDD/CDFs are not specifically regulated pollutants; 

as a consequence, monitoring data for CDD/CDFs in emissions are generally lacking. The 

Interim Phase I Report addressing p.roducts and treated wastewater was submitted to EPA 

in November 1996 (TheVinyl Institute, 1996). The remainder of this section summarizes 
~ ·. 

the available information and presents the release estimates made by various interested 

parties. 

In 1993, Greenpeace International issued a report on dioxin emissions associated 

with the production of EDC/VCM (Greenpeace, 1993). Greenpeace estimated that 5- to 

1 0-g TEO are released to the environment (air, water, and ground combined) annually for 

every 100,000 metric tons of VCM produced. This emission factor was based on data 

gathered by Greenpeace on four European plants. The Vinyl Institute responded with a 

8-16 April 1998 



DRAFT--DO NOT QUOTE OR CITE 

critique of the Greenpeace report (ChemRisk, 1993). Miller (1993) summarized the 

differing views of the two parties. According to Miller (1993), European PVC 

manufacturers claim the emission factor is 0.01- to 0.5-g TEQ/1 00,000 metric tons of 
.. ; 

VCM. Although Greenpeace ( ~-~g, and ChemRisk (1993) used basically the same 

monitoring information to .. deve'fQprt·1eir emission factors, Greenpeace adjusted the emission 

factor to account for unquantified fugitive emissions and waste products containing 

unspecified amounts'~of CDD/CDFs. 

In 1995, Greenpeace issued another study reiterating the organization's concern 

that the generation and emissions of CDD/CDFs may be significant and urging that further 

work be initiated to quantify and prevent emissions (Stringer et al., 1995). However, this 
t \ I I 

study acknowledged that because EDC/VCM production technologies and waste 

treatment/disposal practices are very site-specific, the limited information currently 

available on CDD/CDF generation and emissions makes it difficult to quantify amounts of 

CDD/CDFs generated and emitted. 

Tiernan et al. ( 1995) reported the results of testing two samples of ethylene 

dichloride, two samples of vinyl chloride monomer, and two samples from each of two 

different batches of powdered PVC pipe resin. The PVC resin analyses were performed. 

using an extraction procedure that results in complete dissolution of the PVC resin, 

followed by liquid-liq4id extraction of the dissolved material. With the exception of OCDD, 

no CDD/CDFs were detected in any of the samples at detection limits ranging from less 

than 1 ng/kg for the tetra- and hexa- congener groups and 0.5 to 4.6 ng/kg for hexa

through octa-CDDs and CDFs. The OCDD levels detected (6 to 8 ng/kg) were of the same 

magnitude as the OCDD levels detected in the blank samples implying background 

contamination. 

Stringer et al. ( 1995) presented the results of analyses of three samples of 

chlorinated wastes obtained from U.S. EDC!VCM manufacturing facilities. The three 

wastes were characterized according to EPA hazardous waste classification numbers as 

follows: (1) an F024 waste (i.e., waste from the production of short chain aliphatics by tree 

radical catalyzed processes); (2) a K019 waste (i.e., heavy ends from the distillation of 

ethylene from EDC production); and a probable K020 waste (i.e., heavy ends from 

distillation of VC in VCM manufacture). Table 8-13 presents the analytical results reported 

by Stringer et al. (1995). The reported CDD/CDF concentrations in the three wastes were 

8-17 April 1998 

• 

• 



• 

./ 

•• 

DRAFf--00 NOT QUOTE OR CITE 

20-.ug TEO/kg, 5,928-,ug TEO/kg, and 3.2-.ug TEO/kg for the F024, K019, and K020 waste, 

respectively. Stringer et al. (1995) stated that the concentration found in the K020 waste 

was similar to levels found i~t comparable waste from a VCM manufacturing facility in the 
-~...-

United Kingdom (3.1 to 7 .§;-t:-gfk~. 
·. '· 

lri response to tfie lack of definitive studies and at the request of EPA, U.S. PVC 

manufacturers initiated an extensive monitoring program to evaluate the extent of any 

CDD/CDF releases to air, water, land, as well as product contamination. Emission and 

product testing are being performed at various facilities representative of various 

manufacturing and process control technologies. An independent pe-er review panel has 

be~n formed and is reviewing the results of all monito~ihg studies prior to their public 

release. The Interim Phase I Report from this study has been submitted to EPA, and the 

results are summarized in Table 8-14. 

The Interim Phase I Report (The Vinyl Institute, 1996) presented results for treated 

wastewater samples from six sites that manufacture only PVC and from four sites that 

manufacture EDC/VCM or EDC/VCM/PVC (range: ND- 2.2-pg TEO/L; mean == 0.60-p~l 

TEO/L assuming NDs == 0 and 4.5-pg TEO/L assuming NDs = 1/2 DL). The method 

detection1\limit was 10 pg/L for all congeners, except OCDD and OCDF (50 pg/L). Based on 

these sample data and facility-specific production data, The Vinyl Institute estimated that 

total TEO -releases to waters from U.S. EDC, VCM, and PVC production facilities are in the 

range of 0.043 to 0.36 grams/year. 

The Vinyl Institute (1996) presented results for 22 samples from 14 of the 24 U.S. 

facilities manufacturing suspension and mass PVCresins (i.e., pipe, bottle, and packaging 

resins). CbD/CDFs Were detected in only ohe sample'·(0.043-ng TEO/kg), which upon 

resampling showed nondetect (ND) as well. The method detection limit was 2 ng/kg for all 

congeners':·except OCDD a·na OCDF (6 ng/kg)-. The Vinyl institute (1996) also presented 

results for 'six samples :from four of the seven U.S. fac.ilitles manufacturing dispersion PVC 

resrns. The results ranged from ND: to 0.008-pg TEO/g (mean = 0.001-pg TEO/g assuming 

NDs = 0, and 0.4-pg TEO/g assuming NDs = 1/2 DL). The method detection limit was 2 

pg/g for all congeners except OCDD and OCDF (4 pg/g). The Vinyl Institute (1996) also 

presented results for 5 samples from 5 of the 15 U.S. facilities manufacturing EDC . 

CDD/CDFs were detected in only one sample (0.03-pg TEO/g). The method detection limit 

for all congeners was 1 pg/g. Based on 1995 production data and the average TEO 
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observed for the samples analyzed, total releases of CDD/CDF TEOs from suspension/mass 

PVC resins, emulsion PVC resins, and "sales" EDC were estimated by The Vinyl Institute 

( 1996) to be 0.0 to 3.0 grams,, 0.004 to 0.1 grams, and 0.008 to 0.29 grams, 

respectively. ·t~, .. , 
··"··,, -~' 

The estimated PVC production in the United States during 1995 was 5.656-million 

metric tons per year;:Hhe Vinyl Institute, 1996). Applying the worldwide emission factors 

discussed above to the U.S. PVC industry, gives a range of dioxin emissions of 0.56- to 

28.3-g TEO/yr (based on the ChemRisk (1993) emission factors) to 283- to 565-g TEO/yr 

(based on the 1993 Greenpeace emission factors). It is anticipated tha.t the Vinyl Institute 

will be completing and releasing the full report on PVct r~sin, wastewater treatment solids, 

waste water, and incinerator stack releases in the spring of 1998. EPA anticipates that 

this information, along with the information from previously cited sources, should be 

adequate to make a reasonable emission estimate for this inventory. 

8.3.5. Other Aliphatic Chlorine Compounds 

Aliphatic chlorine compounds are used as monomers in the production of plastics, as 

solvents and cleaning agents, and as precursors for chemical synthesis (Hutzinger and 

Fiedler, 1991 a). These compounds are produced in large quantities. In 1992, 14.6-million 

metric tons of halogenated hydrocarbons were produced (U.S. lTC, 1946-1994). The 

production of 1,2-dichloroethane and vinyl chloride accounted for 82 percent of this total 

production. Highly chlorinated COOs and CDFs (i.e., hexa- to octachlorinated congeners) 

have been found in nanograde quality samples of 1 ,2-dichloroethane (55 ng/kg of OCDF in 

one of five samples), tetrachloroethene (4 7 ng/kg of OCDD in one of four samples), 

epichlorohydrin (88 ng/kg of CDDs and 33 ng/kg of CDFs in one of three samples), and 

hexachlorobutadiene (360 to 425 ng/kg of OCDF in two samples) obtained in Germany 

from Promochem (Hutzinger and Fiedler, 1991 a; Heindl and Hutzinger, 1987). No 

CDD/CDFs were detected in two samples of ally chloride, three samples of 1,1, 1-

trichloroethane, and four samples of trichloroethylene (detection limit ranged from 5 to 20 

ng/kg) (Heindl and Hutzinger, 1987). Because no more recent or additional data could be 

found in the literature to confirm these values for products manufactured or used in the 

United States, no national estimates of CDD/CDF emissions are made for the inventory. 
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EPA's Office of Water promulgated effluent limitations for facilities that manufacture 

' 
chlorinated aliphatic chlorine compounds and discharge treated wastewater (40 CFR 

\ 
414.70). Although these ~lu't limitations do not specifically address COOs and COFs, 

the treatn1ent processes f~~i;ttd to control the chlorinated aliphatic compounds that are 
~ ~-

regulated (e.g., 68 ,ug/L for 1 ,2-dichloroethane and 22 f.<g/L for tetrachloroethylene) are 
i 

expected to redute releases of any CDDs and CDFs that may be present in the untreated 

wastewater. Similarly, EPA's Office of Solid Waste promulgated restrictions on land 

disposal of wastes generated during manufacture of many chlorinated aliphatics (40 CFR 

4,68); however, these restrictions do not specifically regulate COO/tOFs. 
. I I I 

8.3.6. Dyes, Pigments, and Printing Inks 

Several researchers analyzed various dyes, pigments, and printing inks obtained in 

Canada and Germany for the presence of COOs and COFs (Williams et al., 1992; Hutzinger 

and Fiedler, 1991 a; Santi et al., 1994c). The following paragraphs discuss the findings of 

these studies. 

Dioxazine Dyes and Pigments- Williams et al. (1992) analyzed the COD/COF content 

in dioxazine dyes and pigments available in Canada. As shown in Table 8-15, OCOO and 

OCDF concentrations in the f.ig/g range, and HpCDD, HxCDD, and PeCDD concentrations in 

the ng/g range were found in Direct Blue 106 dye (3 samples), Direct Blue 108 dye 

(1 sample), and Vio!et 23 pigments (6 samples) (Williams et al., 1992). These dioxazine 

pigments are derived from chloranil, which has been found to contain high levels of 
. ' 

CDD!CpFs and has been suggested as the source of contamination among these dyes 

(Christmann et al., 1989a; Williams et al., 1992; U.S. EPA, 1992b). In May 1990, EPA 

re9eive,P test results showing that chloranil was heavily ,contaminated with dioxins; levels 

as high ,as 3,065-,ug TEO/kg were measured in samples from four importers (mean value of 
. : . 

1, 754-,ug TEO/kg) (U.S. EPA, 1992b; Remmers et al., 1992). (See Section 8.3.7 for 

analytical results.) 

In the early 1990s, EPA learned that dioxin TEO levels in chloranil could be reduced 

by more than two orders of magnitude (to less than 20 ,ug/kg) through manufacturing 

feedstock and process changes. EPA's Office of Pollution Prevention and Taxies (OPPT) 

subsequently began efforts to complete an industry-wide switch from the use of 

contaminated chloranil to lov;-dioxin chloranil. Although chloranil is not manufactured in 
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the United States, significant quantities are imported. As of May 1992, EPA had 

negotiated agreements with all chloranil importers and domestic dye/pigment manufacturers 

known to EPA that use chloranil in their products to switch to low-dioxin chloranil. In May 
·' 

1993, when U.S. stocks of chl_o'i~ni1'\.vith high levels of CDD/CDFs had been depleted, EPA 
.. -·"•, -~' 

. ... 
proposed a significant new use rule (SNUR) under Section 5 of TSCA that requires industry 

to notify EPA at least,90 days prior to the manufacture, import, or processing, for any use, 

of chloranil containing total CDD/CDFs at a concentration greater than 20 ,ug/kg (Federal 

Register, 1993a; U.S. EPA, 1993c). 

In 1983, approximately 36,500 kg of chloranil were imported (U.S. lTC, 1984). The 

U.S. rnternational Trade Commission (lTC) has not publlslied quantitative import data for 

chloranil since 1984. If it is assumed that this import volume reflects actual usage of 

chloranil in the United States during 1987 and the CDD/CDF contaminatiqn level was 

1, 754-,ug TEO/kg, then the maximum release into the environment via processing wastes. 

and finished products was 64.0 g of TEO. If it is assumed that the import volume in 1995 

was also 36,500 kg, but that the imported chloranil contained 1 0-,ug TEO/kg on average, 

then the total potential annual CDD/CDF release associated with chloranil in 1995 was 

0.36 g of TEO. Given the low confidence in the estimates of import volumes in 1987 and 

1 995, the estimated range of potential annual emissions for both years is assumed to vary 

by a factor of 10 between the low and high ends of the range. Assuming that 64.0-g 

TEO/yr was the geometiric mean of this range for 1987, then the range is calculated to be 

20- to 200-g TEO/yr. Assuming that 0.36-g TEO/yr was the geometric mean of this range 

1n 1995, then the range is calculated to be 0.11- to 1 .1-g TEO/yr; 

Phthalocyanine Dyes and Printing Inks - Hutzinger and Fiedler ( 1991 a) found 

CDD/CDFs (tetra-, penta-, and hexachlorinated congeners) in the ,ug/kg range in a sample of 

a Ni-phthalocyanine dye. No CDD/CDFs were detected (detection limit of 0.1 to 0.5 ,ug/kg) 

in two samples of Cu-phthalocyanine dyes and in one Co-phthalocyanine dye (Hutzinger 

and Fiedler, 1991 a}. 

Santi et a!. ( l994c) reported the results of analyses of four printing inks obtained 

from a supplier in Germany. Tv;o of the inks are used for rotogravure printing, and two are 

used for offset printing. The results of the analyses are presented in Table 8-16. The TEO 

content of the inks ranged from 17.5 to 90.1 ng/kg. Primarily non-2,3,7,8-substituted 
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congeners were found. The identities of the dyes/pigments in these inks were not 

reported. 
;! 

\ 
'")" .... , 

8.3. 7. TSCA Dioxin/Furarl"T~s~Rule 

Based on evid{~ce that halogenated dioxins and furans may be formed as by

products during chemical manufacturing processes (Versar, 1985), EPA issued a rule under 

Section 4 of TSCA that requires chemical manufacturers and importers to test for the 

presence of chlorinated and brominated dioxins and furans in certain commercial organic 
.. 

chemicals (Federal Register, 1987c). The rule listed .12 manufactured or imported 
~ 1 I \ 

chemicals that required testing and 20 chemicals not currently manufactured or imported 

that would require testing if manufacture or importation resumed. These chemicals are 

listed in Table 8-17. The specific dioxin and furan congeners that require quantitation and 

the target limits of quantitation (LOO) are specified in the Rule are listed in Table 8-18. 

Under Section 8(a) of TSCA, the final rule also required that chemical manufacturers submit 

data on manufacturing processes and reaction conditions for chemicals produced using any 

of the 2~ precursor chemicals listed in Table 8-19. The rule stated that subsequent to thi!:. 

data gatrering effort, testing may be proposed for additional chemicals if any of the 

manufacturing conditions used favored the production of dioxins and furans. 

Sixteen sampling and analytical protocols and test data for 10 of the 12 chemicals 

that required testing were submitted to EPA (Holderman and Cramer, 1995). Data from 1 !:, 

submissi.ons were accepted; one submission is under review. Manufacture/import of two 

substances (tetra bromobisphenoi-A-bis-2 ,3-dibromo propyl ether and tetra bromobisphenoi-A

diacrylat~) have stopped since the test rule was promulgated. [NOTE: All data and reports 

in the EPA TSCA Docket are available for public review/inspection at EPA Headquarters in 

Washington, DC.] 

Ta.ble 8-20 presents the results of analytical testing for dioxins and furans for the 

eight chemicals with data available in the TSCA docket. Five of these 10 chemicals 

contained dioxin/furans. Positive results were obtained for: 2,3,5,6-tetrachloro-2,5-

cyclohexadiene-1 ,4-dione (chloranil), pentabromodiphenyloxide, octabromodiphenyloxide, 

decabromodiphenyloxide, and 1 ,2-Bis(tribromophenoxy)-ethane. Table 8-21 presents the 

quantitative analytical results for the four submitted chloranil samples, as well as the 
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results of analysis by EPA of a sample of carbazole violet, which is manufactured from 

chloranil. 

It should be noted that although testing conducted under this test rule for 2,4,6-
'.. 
""'~ .... ;_.. 

tribromophenol indicated no halqfien~d dioxins or furans above the LOOs, Thoma and 
." ·,, .,.. ' 

Hutzinger ( 1989) reported detecting BDDs and BDFs in a technical grade sample of this 

substance. Total TBDD., TBDF, and PeBDF were found at 84 jig/kg, 12 jig/kg, and 1 jig/kg, 

respectively. No hexa-, hepta-, or octa-BDFs were detected. Thoma and Hutzinger (1989) 

also analyzed analytical grade samples of two other brominated flame retardants, 

pentabromophenol and tetrabromophthalic anhydride; no BODs or BDFs w~re detected 

(detedion limits not reported). 1 I I 

8.3.8. Halogenated Pesticides and FIFRA Pesticides Data Call-In 

In the late 1 970s and early 1 980s, attention began to focus on pesticides as 

potential sources of CDDs and CDFs in the environment. Up to that time, CDD and CDF 

levels were not regulated in end-use pesticide products. Certain pesticide active 

ingredients, particularly chlorinated phenols and their derivatives, were known or 

suspected, however, to be contaminated with CDDs and CDFs (e.g., pentachlorophenol 

(PCP), Silvex, and 2,4,5-T). During the 1980s, EPA took several actions to investigate and 

control CDD/CDF contamination of pesticides. 

In 1983, EPA cancelled the sale of Silvex and 2,4,5-T for all uses (Federal Register, 

1983). Earlier, in 1979, EPA ordered emergency suspension of the forestry, rights-of-way, 

and pasture uses of 2,4,5-T; emergency suspensions of the forestry, rights-of-way, 

pasture, home and garden, commercial/ornamental turf, and aquatic weed control/ditch 

bank uses of Silvex were also ordered (Federal Register, 1979; Plimmer, 1980). The home 

and garden, commercial/ornamental turf, and aquatic weed control/ditch bank uses of 

2,4,5-T had been suspended in 1970. 

EPA entered into a Settlement Agreement in 1987 with PCP manufacturers to allow 

continued registrations for wood uses (Federal Register, 1987a) under a restricted use basis 

but which set tolerance levels for HxCDD and 2,3,7,8-TCDD. TCDD levels were not 

allowed to exceed 1 .0 ppb in any product, and after February 2, 1989, (a gradually phased 

in requirement), any manufacturing-use PCP released for shipment could not contain 

HxCDD levels that exceeded an average of 2 ppm over a monthly release or a batch level of 
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• 4 ppm. On January 21, 1987, EPA issued a Final Determination and Intent to Cancel and 

Deny Applications for Registrations of Pesticide Products Containing Pentachlorophenol 

(Including but not limited to\ts salts and esters) for Nonwood Uses, which prohibited the 

registration of PCP and its.s-.:~;·~r most nonwood uses (Federal Register, 1987b). EPA 

deferred action on seve~al uses (i.e., uses in pulp/paper mills, oil wells, and cooling towers) 

pending receipt of additional exposure, use, and ecological effects data. On January 8, 

1993, EPA issued a press advisory stating that the EPA Special Review of these deferred 

nonwood uses was being terminated, because all of these uses either had been voluntarily 

cancelled by the registrants or had been cancelled by EPA for failure'·of the registrants to 

pa~ the required annual maintenance fees (U.S. EPA, 1993f). 

An estimated 8,400 metric tons of PCP were used for wood preservation in the 

United States in 1994 (Micklewright, 1994); for purposes of this report, it is assumed that 

an identical amount was used in 1995. An estimated 12,000 metric tons were used in 

1987 (WHO, 1991 ). Historically, PCP has contained about 3-mg TEO/kg, based on data 

presented in Table 8-7. Figure 8-4 presents congener and congener group profiles, 

respectively, for PCP, based on the results of those studies presented in Table 8-7 that 

provided complete congener and congener group measurements. Combining these two 

estimates indicates that 25,000 g and 36,000 g of TEO may have entered the environment 

in the form of PCP-treated wood products in 1995 and 1987, respectively. These release 

estimates are assigned a H/H confidence rating, indicating high confidence in both the 

activity and emission factor estimates. Based ori this high confidence rating, the estimated 

range of potential release in the form of treated wood products is assumed to vary by a 

factor of 2 between the low and high ends of the range. Assuming that the estimated 

releases of 25,000 g and 36,000 g of TEO are the geometric means of these ranges, then 

the ranges are calculated to be 17,700- to 35,400-g TEO for 1995 and 25,500to 51,000 

for1987. 

In addition to the pesticide cancellations and product standards, EPA's Office of 

Pesticide Programs (OPP) issued two Data Cali- Ins (DC Is) in 1 987. Pesticide manufacturers 

are required to register their products with EPA in order to market them commercially in the 

United States. Through the registration process, mandated by FIFRA, EPA can require that 

the manufacturer of each active ingredient generate a wide variety of scientific data 

through several mechanisms. The most common process is the five-phase reregistration 
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effort to which the manufacturers (i.e., registrants) of older pesticide products must 

comply. In most registration activities, registrants must generate data under a series of 

strict testing guidelines, 40 CF,R 158c-Pesticide Assessment Guidelines (U.S.EPA, 1988b). 
) 

Some pesticide active ingredi~1it:s·~ay require additional data, outside of the norm, to 
.. <· ··,, ''t . 

adequately develop effe<;:tive regulatory policies for those products. Therefore, EPA can 

require additional dap, where needed, through various mechanisms, including the DCI 

process. 

The purpose of the first DCI (dated June and October 1987), Data Call In Notice for 

Product Chemistry Relating to Potential Formation of Halogenated Dibenzo-p-dioxin or 

Dibenzofuran Contaminants in Certain Active Ingredient~, 'was to identify through an 

analysis of raw materials and process chemistry, those pesticides that may contain 

halogenated dibenzo-p-dioxin and dibenzofuran contaminants. The list of 93 pesticides (76 

pesticide active ingredients) to which this DCI applied, along with their corresponding 

Shaughnessey and Chemical Abstract code numbers, are presented in Table 8-22. [Note: 

the Shaughnessey code is an internal EPA tracking system--it is of interest because 

chemicals with similar code numbers are similar in chemical nature (e.g., salts, esters, and 

acid forms of 2,4-D).] All registrants supporting registrations for these chemicals were 

subject to the requirements of this DCI, unless their product qualified for a Generic Data 

Exemption (i.e., a reg-istrant exclusively used a FIFRA-registered pesticide product(s) as the 

source(s) of the active ingredient(s) identified in Table 8-22 in formulating their product(s)). 

Registrants whose products did not meet the Generic Data Exemption were required to 

submit the types of data listed below to enable EPA to assess the potential for formation of 

tetra- through hepta-halogenated dibenzo-p-dioxin or dibenzofuran contaminants during 

manufacture. Registrants, however, had the option to voluntarily cancel their product or 

"reformulate to remove an active ingredient," described in Table 8-22, to avoid compliance 

with the DCI. 

• Produc;t Identity and Disclosure of Ingredients: EPA required submittal of a 

Confidential Statement of Formula (CSF), based on the requirements 

specified in 40 CFR 158.108 and 40 CFR 158.120- Subdivision D: Product 

Chemistry. Registrants who had previously submitted still current CSFs were 

not required to resubmit this information. 
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Description of Beginning Materials and Manufacturing Process: Based on the 

requirements mandated by 40 CFR 158.120 - Subdivision D, EPA required 

submittal of a r:panufacturing process description for each step of the 
·:~ 
.-,.,'fil--~.--•• 

manufacturin~,~~~rcH~s, including specification of the range of acceptable 
.· ,, 

condition~i'of temperature, pressure, or pH at each step. 

• Discu~sion of the Formation of Impurities: Based on the requirements 

mandated by 40 CFR 158.120 - Subdivision D, EPA required submittal of a 

detailed discussion/assessment of the possible formation of halogenated 

dibenzo-p-dioxins and dibenzofurans. •. 

1 i I 

The second DCI (dated June and October 1987), Data Call-In for Analytical 

Chemistry Data on Polyhalogenated Dibenzo-p-Dioxins/Dibenzofurans (HODs and HDFs), 

was issued for 68 pesticides ( 16 pesticide active ingredients) suspected to be contaminated 

by CDD/CDFs. (See Table 8-23.) All registrants supporting registrations for these 

pesticides were subject to the requirements of this DCI, unless the product qualified for 

various exemptions or waivers. Pesticides covered by the second DCI were strongly 

suspected by EPA to contain detectable levels of HDD/HDFs. 

Underthe second DCI, registrants whose products did not qualify for an exemption 

or waiver were required to generate and submit the following types of data in addition to 

the data requirements of the first DCI: 

• Quantitative Method For Measuring HODs or HDFs': Registrants were required 

to develop an analytical method for measuring the HDD/HDF content of their 

products. The DCI established a regimen for defining the precision of the 

analytical method (i.e., for internal standard--precision within + /- 20 percent 

and recovery range of 50 to 150 percent, also a signal to noise ratio of at 

least 10:1 was required). Target quantification limits were established in the 

DCI for specific HOD and HDF congeners. (See Table 8-24.) 

• Certification of Limits of HODs or HDFs: Registrants were required to submit 

a "Certification of Limits" in accordance with 40 CFR 158.110 and 40 CFR 

158.120- Subdivision D. Analytical results were required that met the 

guidelines described above. 
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Registrants could select one of two options to comply with the second DCI. The 

first option was to submit relevant existing data, develop new data, or share the cost to 

develop new data with other registrants. The second option was to alleviate the DCI 

requirements through several e~~e,~tion processes including a Generic Data Exemption, 
.-"·,,, 1,. 

voluntary cancellation, reformulation to remove the active ingredient of concern, an 

assertion that the da~.a requirements do not apply, or the application/award of a low

volume, minor-use waiver. 

The data contained in CSFs, as well as any other data generated under Subdivision 

D, are typically considered Confidential Business Information (CBI) under the guidelines 

preseribed in FIFRA, because they usually contain inf01rniation regarding proprietary 

manufacturing processes. In general, all analytical results submitted to EPA in response to 

both DCis are considered CBI and cannot be released by EPA into the public domain. 

Summaries based on the trends identified in that data, as well as data made public by EPA, 

are summarized below. 

The two DCis included 1 61 pesticides. Of these, 92 are no longer supported by 

registrants. Based on evaluations of the process chemistry submissions required under the 

DCis, OPP determined that formation of CDD/CDFs was not likely during the manufacture 

of 43 of the remaining 69 pesticides; thus, analysis of samples of these 43 pesticides was 

not required by OPP. Evaluation of process chemistry data is ongoing at OPP for an 

additional seven pesticides. Tables 8-22 and 8-23 indicate which pesticides are no longer 

supported, those for which OPP determined that CDD/CDF formation is unlikely, and those 

for which process chemistry data or analytical testing results are under review in OPP (U.S. 

EPA, 1995a). 

OPP required that analysis of production samples be performed on the remaining 19 

pesticides. (See Table 8-25 .) The status of the analytical data generation/evaluation to 

date is summarized as follows: (1) no detection of CDD/CDFs above the LOOs in registrant 

submissions for 1 3 active ingredients; (2) detection of CDD/CDFs above the LOOs for 2,4-D 

acid (two submissions) and 2,4-D 2-ethyl hexyl acetate (one submission); and (3) ongoing 

data generation or evaluation for four pesticides. 

Table 8-24 presents a summary of results recently obtained by EPA for CDDs and 

CDFs in eight technical 2,4-D herbicides; these data were extracted from program files in 

OPP. Because some of these files contained CBI, the data in this table were reviewed by 
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OPP staff to ensure that no CBl was being disclosed (Funk, 1996). Figure 8-5 presents a 

congener profile for 2,4-D, based on the average congener concentrations reported in Table 

8-24. ·~ 
~ 

Schecter et al. { 1997)r?.:;;~~'i}.reported the results of analyses of samples of 2,4-D 

ma11ufactured in Europe, Russia, and the United States. {See Table 8-26.) The total TEO 

concentrations measured in the European and Russian samples are similar to those 

measured in the EPA DCI samples; however, the levels reported by Schecter et al. (1997) 

for U.S. samples are significantly lower. 

An estimated 26,300 metric tons of 2,4-D were consumed in the·United States in 
' . 

1995, making it one of the top 10 pesticides in terms elf qu1antity used (U.S. EPA, 1997a). 

An estimated 30,400 metric tons were consumed during 1987 (U.S. EPA, 1988c). Based 

on the average CDD/CDF congener concentrations in 2,4-D presented in Table 8-24 (i.e., 

not including OCDD and OCDFL the corresponding TEO concentration is 0.70 ~~g/kg. 

Combining this TEO concentration with the activity level estimates for 1995 and 1 987 

indicates that 18.4 g and 21 .3 g of TEO may have entered the environment in 1995 and 

• 1987, respectively. These release estimates are assigned a H/H confidence rating 

indicating high confidence in both the production and emission factor estimates. Based on 

this high confidence rating, the estimated range of potential release is assumed to vary by a 

factor of 2 between the low and high ends of the range. Assuming that the estimated 

releases of 18.4 g and 21 .3 g of TEO are the geometric means of these ranges, then the 

ran~1es are calculated to be 13.0- to 26.0-g TEO in 1995 and 15.1- to 30.2-g TEO in 1987. 

• 

8.4. OTHER CHEMICAL MANUFACTURING AND PROCESSING SOURCES 

8.4.1. Municipal Wastewater Treatment Plants 

Sources- CDD/CDFs have been measured in nearly all sewage sludges tested, 

although the concentrations and, to some extent, the congener profiles and patterns differ 

widely. Potential sources of the CDD/CDFs include microbial formation (discussed in 

Chapter 9), runoff to sewers from lands or urban surfaces contaminated by product uses or 

deposition of previous emissions to air, household wastewater, industrial wastewater, 

chlorination operations within the wastewater treatment facility, or a combination of all the 
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Table 8-1. CDD/CDF Concentrations in Pulp and Paper~~ Bl,eached Pulp, Wastewater Sludge, and Effluent (circa 19881 

Bleached Pulp 

Congener /Congener 
Group Median Range 

(ng/kg) (ng/kg) 

2.3, 7 .8-TCOD 6:4 0.4 to 1 24 
1 ,2,3, 7 ,8-PeCDD NO (0.3) NO (0.1) to 1.4 
1 .2.3,4. 7,8-HxCDD NO (0.4) NO (0.2) to 0.4 
1,2,3,6. 7,8-HxCOD ND (0.5) NO (0.2) w 1.6 
1.2.3.7.8.9 HxCDD NO (0.5) NO (0.2) to 0.5 
1.2.3.4.6. 7.8-HpCOD 3.3 2.3 to 8.4 
OCOD 46 78 to 81 

2,3,7,8-1CDF 18 1.4 to 716 
1.2.3,7.8-PeCDF NO 10.7) NDI0.1ito3.9 
7 .3.'1. 7 .8-PeCOF NO (0.2) NO (0.1) to 4.7 
1.7.3.4.7,8 HxCOF NO 10 3) NO 10.21 to NO 10.61 
1.2.3.6,7,8 HxCOF NO 10.31 NO (0. 11 to NO (0.4) 
1,2.:1. 7,8,9 HxCOf· NO (0 31 NO 10. 1) to NO (0.4) 
:'.J .. I.G. 7,8 HxCDr NO 10 31 NO (0.21 to NO (0.41 
I .• '.J.·I.G, 7.n llpCDr NO (0 61 NO 10.11 to 0.8 
1.2.3.·1.7,8.9 llpCOF NO (0.61 NO (0.11to NO 12.1) 
OCOF 2.7 NOI2.81 to 4.3 

Total 2.3.7,8-COD'·b 55.7 
Total 2.3. 7.8-COF'·b 18 
fot<1l lEO (NO,~ zero)" 8.28 
Tot.1l TEO (NO~ OLI" 8.83 

Totill COD/COFb 120 ... ·''" .\ ... ,. 

NO = not detected; values in parentheses are detection limits lOll. 
• Calculated assuming nondetected values are zero. 
b Sum of median values. 
ng/kg = nanogrAms per kilogrAm 
pg/L = picograms per liter 
Source: U.S. EPA (1990a). 

No. of 
Detects 

(10 samples) 

10 
2 
1 
2 
1 

10 
10 

10 
4 
3 
0 
0 
0 
0 
3 
0 

.. · 8 

,, 
Wastewater Sludge Wastewater Effluent 

·' 
No. of 

Median Range Detects Median '~f.> Range 
(nQ/kg) :--•·" (ng/kg) (9 samples) (pg/Ll (pQ/Ll 

llt(~t'/'>, 

63 NO 16.3) to 180 8 42 NO (11) to 98 
NO (2.51 NO (1.4) to 28 1 NO (9.6) NO (2.8) to ~0 (25) 

NO (3.1) •··. NO (1.5) to 40 1 NO (121 NO (6.6) to 0 (}.,?)~ 

NO (3.2). NO (1.7) to 95 1 NO (12) NO (6.6). t£ NO {~4) 
ND 13.9) ND(1.7)to80 1 N0.(12) ND (6 6) to.J>~JP31 

37 18 to 490 9 170 77 to 2 
698 263to1,780 9 3,000 1.000 to 4.600 

233 13 to 1,150 9 120 12 to 840 
6.2 NO (1.21 to 22 6 NO 17.2) NO (2.21 to 36 
4.7 NO (0.9) to 38 6 NO (6.3) NO 12.21 to 33 

NO 12.51' NO (0.9) to 31 2 NO (8.4) NO (4.81 t0 NO I 15) 
NO (1.4) NO (0.9) to 33 1 NO 17.1) NO (4.81 to NO I 151 
NO (1.71 NO 10.91 to NO (4.0) 0 NO 16 21 NO (2.51 to NO I 151 
NO (1.7). NO (0.91 to 34 1 NO 18.21 NO (4.81 to t-10 I 151 

6.6 NO (3.61 to 70 7 ND 1231 NO ( 131 to 44 .. 
NO 11.6) NO (1.2)to 10 1 NO 122) NO (6.4) to NO (41 I 

22 NO (541 to 168 8 - 190 NO (1801 to 230 -
798 3,212 

272.5 310 
90.1 : ~·, 59 ·~ .. 
93.1 73 

1.695 4,013 

... 

No. of 
Detects 

(9 samples) 

8 
0 
0 
0 
0 
9 
9 

9 
2 
2 
0 
0 
0 
0 
3 
0 
8 

0 
:;o 
> 
:::j 

I 
I 

0 
0 
z 
0 
--1 
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Figure 8-1. 1 04-Mill Study Full Congener Analysis Results for Pulp 
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Figure 8-2. 1 04-Mill Study Full Congener Analysis Results for Sludge 
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Figure 8-3. 1 04-Mill Study Full Congener Analysis Results for Effluent 
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Table 8-2. CDD/CDF Concentrations· in Pulp and Paper_Mill Bleached.Pulp, Wastewater Sludge, and Effluent (circa 1 996) 
' r .: .~ • ."' • " ~ ,) ·~ 

Bleached Pulp 
Congener/Congener 

Group 
Mea.n 

NO= 0 Median Range 
(ng/kg) (ng/kg) (ng/kgl 

2,3, 7 .8-TCDD 0.3 ND(11 ND(1) to5 
1.2,3,7,8-PACDO 0 NO I 51 ND(3J.to ND(7) 
1.2.3,4. 7 ,8-HxCOD 0 N0(5J NDI3J to ND(7J 
1.2.::1,6. 7 .8-H,CDO 0 NO I 51 NOI3J to N0(7) 
1.~-~.'1.\\,\1 II'<CO\.\ I) NDISJ NDI31 to NDI7l 
1.2.3.4.5. 7,8 HpCDD 0 N0! 51 N013)·to NDI71 
ocoo 7.-1 N0(10\ N0(10\ to 15 

2.3,7,8-TCOF 10.3 ND(1\ ND(1) toi70 
, .2.3. 7.8 r .. cor 0 NDI51 NDI31 to NDI7) 
2.3.4. 7.8-PeCDF 0.4 N0(51 N0(3J to 7 
t .2.3.4.7.8-HxCDF 0 NO I 51 NDI3) to N0(7J 
1,2,3,6, 7.8-HxCDF 0 NDI5l NDI31 to Nom 
1 ,2,3.7,8.9 H.xCOF 0 N0( 51 N0(3) to ND(7) 

2.3.4.6. 7.8-H,CDF 0 NDI51 NDI31 to ND(7) 
I .2.3.4.6.7.8 HpCDF 0 NDI51 NDI31 to ND17l 
1.2.3,4, 7,8.9 HpCDF 0 ND(5J ND(JJ to ND17l 
OCOF 0 NDI10J NDI61 to NDI14J 

Total 2,3,7,8-COD' 2.7 
Total 2.3.7.8-CDF' 10.7 
1 otal 1 EO (NO; zero)• 1.5 
Total TEO (NO- DLJ' 11.3 

NO = not detected; values In parentheses-are detection limits IDLi. 

' Sum of mean values. 

ng/kg = nanograms per kilogram 
pg/L = picograms per liter 

Source: Gillespie 11997). 

No. of 
Detects/ Mean 
No. of NO~ 0 

Samples (ng!k_g) 

1/18 0.8 
0118 0 
0118 0.5 
0/18 7..3 
0118 1.6 
0/18 41.4 
3/Hl 445 

7/18 6.2 
0/18 0 
1/18 0.5 
0118 0 
0118 0 
0/18 0 
0118 0.5 
0118 1.2 
0118 0 
0/18 0 

492 
8.4 
3.0 

22.9 

Wastewater Sludge Wastewater Effluent 

No. of .,.,_. 
Detects/ Mean 

Median Range No. of ND = 0 Median Range 
(®lkgl (ng/kg) Samples (pg/Ll (ng_lk_gl 

. 
(pg/L) 

ND(1) ND(1) to 4 4/12 1.2 N0(11J ND(l<JJ t(),2.] 
NO(SJ N0(4J to N0(52J 0/12 0 ND!53) NO(~) td-ftS(55i 
N0(5) NDI4) to 7 1/13 0 NDI53J N0(50) to(N0(55J 
N0(5) NOI4lto 18 7113 0 NDI53i N0(5~~~JOIS5) 
NDISJ N0(4lto 14 2/13 0 ND(531 NDISO to NDi55) 

7 N0(4) to 330 9/13 3.2 NO I 53) NDI50J to 58 
150 71to2,900 10!10 3'3.0 HD\110\ NDI100\ to 370 

3 N0(1) to 31 9/12 2.3 NOll 11 N0(10) to 23 
N0(51 N0(41 to NDI52J 0/13 0 NDI53J ND(50) to N0(55J 
N0(51 ND(4J to 7 1/13 0 NDI53J N0(50) to N0(551 
N0(5) NDI41 to ND!521 0/13 0 ND(53J N0(50} to N0(551 
N0(5) NDI4J to ND(521 0/13 0 ND(53) NDi50) to NDI55J 
N0( 51 N0(4) to ND(52} 0/13 0 NDI53J ND(501 to N0(551 
N0(51 NDI4l to 6 1113 0 N0(53J NDI50J to 1JDI551 
N0(5) ND(4lto 10 2/13 0 NDI53J N0(50i to N0(551 
NDIS) NDI4l to ND(52) 0113 f- 0 NDI53J NDi50J to NDI551 

NDI10l NOI9l to NDI100) 0113 - 0 NDI1061 NDI1041 to NDI1101 

103 
2.3 
1.5 
105 

.. 

No. of 
Detects/ 
No. of 

Samples 

1/18 
0118 
0/18 
0118 
0/18 
1/18 
6114 

2/18 
0/18 
0118 
0118 
0118 
0118 
0118 
0118 
0118 
0/18 

c; 
7-
)> 
"T 

c: 
c 
2 
c 
;:. 
c 
c 
tT 
c 
:;:r: 
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Table 8-3. Summary of Bleached Chemical Pulp and Paper Mill Discharges 
of 2,3,7,8-TCDD and 2,3,7,8-TCDF 

'-t 
• ""{§~ 1992 1992 1993 

_-"Oi!Sch~rge 8 Dischargeb Dischargec Dischargeb 
Matrix Congener {g/year) (g/year) {g/year) (g/year) 

Effluent 2,3,7,8-TcCDD 201 22 71 19 

2,3, 7,8-TCDF 1,550 99 341 76 

TEO 356 32 105 27 

Sludged 2,3, 7,8-TCDD 210 33 NR 24 

' ' \ I 
2,3, 7,8-TCDF 1,320 118 NR 114 

TEO 343 45 100 35 

Pulp 2,3,7,8-TCDD 262 24 NR 22 

2,3, 7,8-TCDF 2,430 124 NR 106 

TEO 505 36 150 -- 33 

1994 
Dischargeb 

(g/year) 

14.6. 

49.0 

19.5 

18.9 

95.2 

28.4 

16.2 

78.8 

24.1 

NR = Not reported. 

a 

b 

c 

d 

1 04-Mill Study (U.S. EPA, 1990a): Total discharge rate of congener or TEO {based only on 
2,3, 7 ,8-TCDD and 2,3, 7 ,8-TCDF concentration) summed across all 104 mills. 

NCASI 1992 Survey {NCASI, 1993), 1993 Update {Gillespie, 1994), and 1994 Update {Gillespie, 
1995): Total discharge rate of congener or TEO {based only on 2,3,7,8-TCDD and 2,3,7,8-
TCDF concentration) summed across all 104 mills. The daily discharge rates reported in NCASI 
{1993), Gillespie {1994), and Gillespie {1995) were multiplied by a factor of 350 days/yr to 
obtain estimates of annual discharge rates. 

The discharge in effluent was estimated in U.S. EPA {1993d) for January 1, 1993 .. The TEO 
discharges in sludge and pulp were estimated by multiplying the 1988 discharge estimates for 
each by the ratio of the 1993 and 1988 effluent discharge estimates (i.e., the estimate of the 
reduction in 1988 discharges achieved by pollution prevention measures taken by the industry 
between 1988 and 1993). 

Approximately 20.5 percent of the sludge generated in 1990 were incinerated. The remaining 
79.5 percent were predominantly landfilled (56.5 percent) or placed in surface impoundments 
{ 18.1 percent); 4.1 percent were land-applied directly or as compost, and 0.3 percent were 
distributed/marketed (U.S. EPA, 1993e). 

g/year == grams per year 

Sources: Gillespie (1995); Gillespie (1994); NCASI {1993); U.S. EPA {1993d); U.S. EPA (1993e). 
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Table 8-4. CDD/CDF Concentrations in Graphite Electrode Sludge 
from Chlorine Production 

Sludge 1 
Congener/Congener Group (JlQ/kg) 

2,3,7,8-TCDD ~ , .. ,.N ND (0.006) 
1 ,2,3, 7 ,8-PeCDD -:·"", 'tND (0.007) 
1,2,3,4, 7,8-HxCDD .~t· ,- NO (0.018) 
1 ,2,3,6, 7,8-HxCDD ND (0.012) 
1 ,2,3, 7,8,9-HxCDDi' ND (0.016) 
1 ,2,3,4,6, 7,8-HpCDO 0.095 
OCDD 0.92 
2,3, 7,8-TCDF 
1 ,2,3,7,8-PeCDF 
2,3,4, 7 ,8-PeCDF 
1 ,Q,3,4, 7,8-HxCOF 
1 ,2,3,6,7,8-HxCDF 
1 ,2,3, 7,8,9-HxCDF 
2,3,4,6, 7 ,8-HxCDF 
1 ,2,3,4,6, 7 ,8-HpCDF 
1 ,2,3,4, 7,8,9-HpCDF 
OCDF 

Total 2,3, 7,8-CDD* 
Total 2,3,7,8-CDF* 
Total TEO" 

Total TCDD 
Total PeCDD 
Total HxCDD 
Total HpCDD 
Total OCDD 
Total TCDF 
Total PeCDF 
Total HxCDF 
Total HpCDF 
Total OCDF 

Total CDD/CDF* 

26 
25 
1 2 
32 

7 
1.3 

0.87 
9.1 
8.1 
31 

1.015 
152.37 

13.5 

ND (0.006) 
ND (0.070) 
NO (0.046) 
0.22 
0.92 
64 
75 
68 
24 
31 

263.14 

Sludge 2 
(Jig/kg) 

ND (0.009) 
ND (0.009) 
ND (0.026) 
ND (0.016) 
ND (0.022) 

0.21 
2.0 
56 
55 
25 

I \ 171 
16 

2.8 
1.9 
19 
19 
76 

2.21 
341.7 

30.2 

ND (0.009) 
ND (0.009) 
ND (0.064) 
0.48 
2 
150 
240 
140 
53 
76 

661.48 

Sludge 3 
(:lg/kg) 

ND (0.009) 
ND (0.009) 
ND (0.029) 
ND (0.019) 
ND (0.025) 

0.25 
2.2 
57 
56 

.. 24 
73 
15 

2.6 
2.0 
19 
20 
71 

2.45 
339.6 

30.2 

ND (0.009) 
ND (0.009) 
ND (0.074) 
0.56 
2.2 
140 
240 
140 
54 
71 

647.76 

ND = Nondetected (values in parentheses are the reported detection limits) 
NH = Not reported 
* = Calculated assuming not detected values were zero. 
,ug/kg == micrograms per kilogram 

Sources: Rappe et al. ( 1991}; Rappe ( 1993) 
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Sludge 4 
(JlQ/kg) 

ND 
ND (0.033) 

ND (0.49) 
ND (0.053) 

ND (1.2) 
0.055 

0.65 
52 
55 
27 
44 
12 

1. 7 
1 .3 
15 
14 
81 

0.705 
303 

27.7 

NR 
NR 
NR 
NR 

0.65 
NR 
NR 
NR 
NR 
81 

NR 

April 1998 



Table 8-5. CDD/CDF Concentrations in Metal Chlorides 

FeCI 3 AICI 3 
Congener Group (J.19/kg) (t-<_g/kg) 

Total TCDD NR NR 

Total PeCDD NR NR 

Tot<1l HxCDD NR NR 

Total HpCDD ND NO 

Total OCOD ND ND 

Total TCDF NR NR 

Total PeCDF NR NR 

Total HxCOF NR NR 

Total HpCDF 1 2 NO 

Total OCDF · 42 NO 

NR = Not reported. 
NO = Nondetected (detection limit of 0.02 1-19/kg) 
1-19/kg = micrograms per kilogram 

Source: Hutzinger and Fiedler ( 1991 a) 

·--· 

AICI 3 CuCJ 2 CuCI 
(;.<lJ/kg) (t-<g/kg) (;.<g/kg) 

NR NR NR 

NR NR NR 

NR NR NR 

NO 0.03 NO 

0.1 0.6 0.03 

NR NR NR 

NR NR NR -
NR NR -NR 

~ 

NO 0.1 0.08 

34 0.5 0.2 

/ • ) 

'i·., 
TiCI 4 

(t-<g/kg) 

NR 

NR 

NR 

NO 

ND 

NR 

NR 

NR 

NO 

NO 

SiCI4 
(;.<g/kg) 

"\, NR 
' 
l ·.(•"'·' , 

,. NR 
#l/ 

NR 

NO 

NO 

NR 

NR 

NR 

NO 

ND 

• 

v 
:;:c1 

~ 
I 
I v 
0 
z 
0 
-j 

0 
c::: 
0 ......, 
tTl 
0 
:;:c1 

n 
~ 
tTl 
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Table 8-6. COO/COF Concentrations in Mono- through Tetra-Chlorophenols 

!';' 

2.4,5-TrCP 
2-CP 2.4-0CP 2,6-0CP (Na salt) 

Congener/ (Ref. A) (Ref. A) ··.(Ref. A) (Ref. A) 
Congener Group (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Total TCOO NO (0.02) NO (0.02) NO (0.02) NO (0.02) - 1 4 
.· l 

Tot<JI PeCOO NO (0.02) NO (0.02) NO !0.02) NO (0.02) 

Tot<JI HxCOO NO (0.02) NO (0.02) NO (0.02) NO (0.02) 

Total HpCOO NO (0.02) · NO-(Oc02) NO (0.02) NO (0.02) 

Total OCOO NO (0.02) NO (0.02) NO (0.02) NO (0.02) 
. -· 

Total TCOF + NO NO NO 

Tot<1l PeCOF NO NO NO NO 

Tot<Jl HxCOF NO NO NO NO 

Total HpCOF NO NO NO NO 

Total OCOF NO NO NO. NO 

Totill COO/COF -- -- -- --

NO = Not detected; value in parentheses is the detection limit, if reported. 

+ = Detected but not quantified. 
-- = Not reported. 
mg/kg = milligrams per kilogram 

2,4,6-TrCP 
2,4,5-TrCP 2,4,6-TrCP (Na salt) 

!Ref. A) (Ref. A) (Ref. B & C) 
(mg/kg) (mg/kg) (mg/kg) 

ND (0.02) - 6.5 NO (0.02) - 49 <0.02 

ND (0.02) - 1.5 ND (0.02) <0.03 

NO (0.02) ND (0.021 <0.03 

NO !0.02) NO (0.02) <0.1 

NO (0.02) NO (0.02) <0.1 

NO + 1.5 

NO + 17.5 

NO + 36 

---NO NO 4.8 

-NO NO --

-- -- --

. .. 

2,3,4,6-TeCP 

!Ref:''A) 
(mg/kg) 

.,;; 

NO !0.02) 

NO (0.02) 

NO (0.02) - 1 5 

NO (0.02) - 5.1 

NO (0.02) - 0.17 

+ 

+ 

+ 

+ 

+ 

--

Ref. A: Firestone et nl. ( 1972); bec<Juse of poor recoveries, iluthors stated that actual CODICDF levels may be considerably higher than those reported. 
Ref. B: Rnppe et nl. ( 1978a); common Scandinavian commercial chlorophenols. 
Ref. C: Rappe et al. ( 197Bb); common Scandinavian commercial chlorophenols. 

2,3,4,6-TeCP 
(Na salt) 

!Ref. B & Cl 
(mg/kg) 

0.7 

·~~ 
.:~;;;--5.2 

- ::" 
.~ i 9.5 
'/ 

5.6 

0.7 

0.5 

10 

70 

70 

10 

--

0 
;;o 
)> 

21 
' ' 0 
0 
z 
0 
-l 
0 
c 
0 
-l 
tT1 
0 
:N 
n 
~ 
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Table 8-7. Historical CDD/CDF Concentrations in Historical and Current Technical Pentachlorophenol Products 

PCP PCP PCP 
!Rei. Bl IRol. Ci (Ret. AI 

Congener/ 11973) 119781 119791 
ConnenP.r Grou 1 t •• orkol II•Oikol IJ•olkot 

~.J.7.H TCOO .. 
1.2.3. 7.8 Po COO .. 
1,7.3,4,7,8 H)(COO 
1 . ::',3,6. 7.8·H,.COO 
I .:'.J.7,B.g H~o.C()D 
1 .:'.3,-l.tl. 7.A HpCOD 

OCOO 

c.3.7,81CDF 
1,:2.3,7,8·PoCDF 
2.3.4. 7 ,8-PeCOF .. .. 
1 .1. 3, 4. 7. 8-H xCOF 
1.2.3,6, 7,8-HxCOF .. .. .. 
1, 2,3, 7 ,8, 9-HxCOF .. .. .. 
2.3,4,6, 7.8·HxCOF .. .. 

1.2.3.4.6, 7,8-HpCOF .. 
1. 2.3,4, 7 ,8, 9-HpCDF .. 
OCDF 130,000 

Total 2,3. 7,8-COO' .. .. 
Total 2,3, 7,8-COF • .. .. 
Total TEO' .. .. .. 

Total TCOO NOI201 .. .. 
Total PeCDD ND(30) .. .. 
Total HxCOD 5,500 .. 10,100 
Total HpCDD 98,000 .. 296,000 
io1al OCDD 220.000 .. 1,386.000 
Total TCDF 40 900 .. 
Total PeCDF 250 4,000 1,400 
Total HxCDF 22,000 32,000 9,900 
Total HpCDF 150,000 120,000 88,000 
Total OCDF 160,000 130,000 43,000 

To'"! COOICDF • 655,800 1,280,000 1,834,400 

NO .. Not detected; velue in parentheses is the detection limit. 
.... Not reported. 
• - Calculated essuming not detected values are zero. 
110/kg .,. micrograms per kilogram 

PCP PCP 
(Ret. Dl (Rot. I) 

119841 (1985) 

l"nlkOI t,.glknl 

NO 1101 ND 10.051 
NO 1101 NO Ill 

.. 6 
2.200 2. 565 

100 44 
100.000 210,000 
510.000 1 .4 75.000 

NO 1101 NO 10.51 
.. NOll\ 
.. NO 111 

49 
.. 5 
. . 5 
. . N0(\1 
.. 34,000 
.. 4,100 

130,000 222.000 

71 2,300 1,687,615 

260,159 
1,970 4,445 

NO (101 NO 

NO 1101 ND 

4,500 4,694 

135,000 283,000 

610,000 1 ,41'5.000 
ND (101 6 

.. 10 

.. 1,982 
62,000 125,000 
130,000 222.000 

941,500 2,111,692 

PCB PCP PCP PCP PCP 
(Ret. II !Ret. El (Ret. F) (Ret. I) !Ret. G) 
11986) 11987) 119871 11985·881 119911 
t"nlknt lpQ/kg) t,orknl tr,nlknl 1 ,ofknl 

NO 10.051 NO 10.031 NO 10.051 NO 10.05) NO 
NO ill 1 2 NO ttl NO 

8 NOll\ NO 111 0 
1,537 831 1,480 500 

28 28 53 13 
106,000 78.000 99,900 89,000 .. 
930.000 733.000 790,000 2. 723,000 1,100,000 

NO 10.51 NO 10.11 NO 10.11 NO 10.51 NO 
NO 111 0.5 0.2 NO 111 NO 
No 111 1.5 0.9 NO 111 NO 

34 125 163 67 .. 
4 NO 111 NO 111 2 .. 

NO 111 32 146 No 111 .. 
N0(\1 NO 111 ND 111 ND Ill .. 
29,000 11,280 19,940 22,000 .. 

6,200 637 980 3,400 .. 

233,000 118.000 137.000 237,000 170,000 

1,037,568 811,860 891,435 2,812.621 .. 
268,238 130,076 158,230 262,46!;1 .. 

2,736 1,853 2,321 4,173 >1,270 

NO 1.9 0.4 ND - ND !101 
ND 6.5 15.2 NO ND 1101 

2,925 1,700 3,300 912 8,900 
134,000 154,000 198,000 117,000 130,000 

930.000 133.000 190,000 2,123,000 1,100,000 

ND 0.8 0.4 ND ND 110) 

3 141 343 200 ND 1101 
1,407 4,300 13,900 1,486 14,000 

146,000 74,000 127,000 99,000 36,000 

233,000 118.000 137,000 237,000 ,.< 170,000 

1 ,44 7.335 1,085.000 1,270,000 . 3,178,598 1,459,000 

PCP PCP 
!Rot. H) (Ref. J\ 

11987·98) 11987-961 
·'·t,.nl'-nl lpolknl 

.. NO 10.51 

~1. 

/ 'd"'; .... :.:..·:· 
.. '( .. 
.. " ·r .. 

~/ ~ .. 
.. 

.. 

.. .. 

.. .. 

.. .. 

.. .. 
.. .. 
.. .. 
.. .. 

.. .. 

.. .. 

.. .. 

ND 111 ND 
ND 1101 ND 
1,530 1,686 
62.900 61,083 

.. 231,1'5'5 
NO 1101 54 
NO 1101 509 
2,500 15,534 
38,600 93,377 

.. 156.451 

.. 560,448 

PCP 
tRot. Kl 

funknownl 
ll'ol>nl 

NO 1101 
NO 1101 
NO 1101 

880 
20 

38,400 
296,810 

NO 1101 
NO 1101 
NO 110\ 

200 
NO 1201 
NO 1201 
ND 1201 
2,000 
140 

19,940 

334,130 
22,280 

811 

.. 

.. 

.. 

.. 

.. 

.. 
·-
.. 
.. 
.. 

--

v 
;;c1 

~ 
' 6 
0 
z 
0 ...., 
10 
c:: 
0 ...., 
trl 
0 
~ 
(") 

@ 
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Sources: 

Ref. A: 

Ref. 8: 

Ref. C: 
Ref. D: 

Ref. E: 
Ref. F: 
Ref. G: 
Ref. H: 
Ref. 1: 
Ref. J: 

Ref. K: 

Table 8-7. Historical CDD/CDF Concentrations in Historical and Current Technical Pentachlorophenol Products (continued) 

U.S. DHHS ( 1989); composit~ ()f technical grade materials produced in 1979 by. Monsanto Industrial Chemical Co. (St. Louis, MOl. Reichhold Chemicals, Inc. (White Plains, 
NY), and Vulcan Materials Co. (Bii~ingham, AL). · 
Buser and Bosshardt (1976); mean of 10 samples of "high" CDD/CDF content PCP.received from Swiss commercial sources in 1973. 
Rappe et a!. ( 1978b); sample of U.S. origin "presumably prepared by alkaline hydrolysis of hexachlorobenzene." 
Cull et a!. ( 1984); mean of four "recent" production batches from each of two manufacturers of technical PCP using three different analytical methods; AN OVA showed no 
st11tistically significant difference in CDD/CDF concentrations between the eight samples (samples obtained in the United Kingdom). 
Hagenm<Jier and Brunner ( 19871; sample of Witophen P (Dynamit Nobel - Lot no. 7777) (obtained in Germany). 
Hagenmaier and Brunner ( 1987); sample of PCP produced by Rhone Poulenc (obtained in Germany). 
Harrad et al. ( 1991); PCP-based herbicide formulation from NY State Dept. Environm. Conservation. 
Pentachlorophenol Task Force (19971: average of monthly batch samples for the period Jan. 1987 to Aug. 1996. . 
Pentachlorophenol T<1sk F~rce (19.97_); samples of "penta" ~anufactured in 1985, 1986, and 1988. ) ·»'""' 
KMG-Bermuth, Inc. ( 1 997); ·~verage of monthly batch samples for the period Feb. 1987 to Dec. 1996 (excluding the following months for whictr"'data ;.'!vere not available: 
Feb. 1993, Jan. 1992, Dec .. 1991, Sept. 1991, Dec. 1988, and Sept. 1 988). ,; /' 
Schecter et a!. ( 1997); sample found stored in a barn in Vermont. 

0 
:n 
>-
~ 
' 0 
0 
z 
0 
-l 
D 
c 
0 
-l 
tT1 
0 
~ 
n 
=i 
tT1 



DRAFf--DO NOT QUOTE OR CITE 

Table 8-8. Historical CDD/CDF Concentrations in Pentachlorophenol-Na 

PCP-Na PCP-Na PCP-Na 
(Ref. A) (Ref. 8) (Ref. C) 

Congener/Congener Group (19691 11973) (19731 
(;.~g/kg) (;;g/kg) (pg/kg) 

2,3.7,8-TCDD -- ~-·-~ --
1,2,3,7,8 PeCDD -- , . ..,;;-. 

' ''f.-' --
1 ,2,3,4, 7,8-HxCDD -- --
1 ,2,3,6, 7 ,8-HxCOD -- -- --
1 ,2,3. 7,8,9-HxCOD -- -- --
1 ,2,3,4,6, 7 ,8-HpCDD -- -- --
OCDD 3,600 -- --

2,3,7,8-TCDF -- -- --
1 ,2, 3.7 ,8-PeCDF -- -- --
2,3,4,7,8-PeCDF -- -· --
1 ,2,3,4, 7,8-HxCOF -- -- --
1 ,2,3,6, 7,8-HxCDF -- -- --
1 ,2,~. 7,8,9-HxCDF -- -- --
2,3.4,6, 7,8-HxCDF -- -- --
1 ,2, 3,4,6, 7,8-HpCDF -- -- --
1,2. 3,4, 7,8,9-HpCDF -- -- --
OCDF -- .. --

Total 2,3,7,8-CDD' -- -- --
Total 2.3,7.8-CDF* ·- -- --

Total TEO' -- -- --

Total TCDD -- 140 50 
Total PeCDD -- 40 NO (30) 
Total HxCDD 17,000 140 3,400 
Total HpCDD 9,600 1,600 38,000 
Total OCDD 3,600 4,000 110,000 
Total TCDF -- ND (20) ND (20) 
Total PeCDF -- 60 40 
Total HxCDF -- 1,400 11,000 
Total HpCDF -- 4,300 47,000 
Total OCDF -- 4,300 26,500 

Total CDD/CDF' -- 15,980 235,990 

NO = Not detected; value in parentheses is the detection limit. 
-- = Not reported. 
• = Calculated assuming not detected values are zero. 
pglkg = micrograms per kilogram. 

Sources: 

PCP-Na PCP-Na PCP-Na 
(Ref. D) (Ref. E) (Ref. F) 
{1987) (1987) (1992) 
(pg/kg) (pg/kg) (.Jg/kg) 

0.23 0.51 0.076 
18.2 3.2 18.7 
28.3 13.3 96 

2,034 53.0 4,410 
282 19.0 328 

9,100 3,800 175,400 
41,600 32,400 879,000 

1.8 0.79 NO (1.0) 
8.2 1.9 NO (4.0) 
6.6 1.1 NO (4.0) 
48 4.6 .. 27.6 
69 1.3 21.9 

Nfil (li) \ 1.3 9.8 
87 4.6 103 

699 197 9,650 
675 36 2,080 

37,200 4,250 114,600 

53,063 35,289 1,059,253 
38,795 4,499 126,492 

452 79.5 3,374 

27 52 3.6 
213 31 142.7 

3,900 230 9,694 
18,500 5,800 260,200 
41,600 32,400 879,000 

82 12 10.1 
137 27 88.4 

3,000 90 9,082.3 
13,200 860 75,930 
37,200 4,250 114,600 

117,859 43,752 1,348,751 

PCP-Na 
(Ref. G) 
(1980s) 
(_ug/kg) 

NO (1.4) 
28.3 

NO (6.1) 
4,050 

NO (1.4) 
33,800 
81,000 

149 
319 
324 

ND (2.8) 
225 
480 

ND (385) 
6,190 
154 

36,000 

118,878 
43,841 
1,201 

1.9 
140 

14,000 
100,000 
81,000 
1200 
6400 

49,000 
91,000 
36,000 

378,742 

Ref. A: Firestone eta!. (1972); mean of two samples of PCP-Na obtained in the United States between 1967 and 1969. 
Ref. B: Buser and Bosshardt 11976); mean of five samples of "low" CDD/CDF content PCP-Na received from Swiss commercial 

sources. 
Ref. C: Buser and Bosshardt 11976); sample of "high" CDD/CDF content PCP-Na received from a Swiss commercial source. 
Ref. 0: Hagenmaier and Brunner (1987); sample of Dowicide-G purchased from Fluka; sample obtained in Germany. 
Ref. E: Hagenmaier and Brunner (19871; sample of Preventol PN (Bayer AG); sample obtained in Germany. 
Ref. F: Santi eta!. ( 1994c); 1992 sample of PCP-Na from Prolabo, France. 
Ref. G: Palmer et al. (1988); sample of a PCP-Na formulation collected from a closed sawmill in California in the late 1980s. 
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Table 8-9. Summary of Specific Dioxin-Containing Wastes That Must Comply with Land Disposal Retrictions 

Land Disposal Regulated Treatment Standard' (ppb) 
EPA Hazardous Restriction Effective Waste 
Waste Numh~r Waste Description Date Constitutent Wastewaters Non wastewaters 

()-lg/l) ()-lg/kg) 
-· 

FO:!O Wastes (except wastewater and spent carbon from hydrogen chloride. purification) from November 8. 19R8 TCDDs 0.063 I 
the production or manufacturing use (a.s a reactant. chemical intenn_ediate. or PeCDDs O.Q_63 I 
component in a fonnulating process) of tri- or tetrachlorophenol. or of intcnnediates HxCDDs 0.063 I 
used to produce their pesticide derivatives. (This listing does nor include wastes from TCDFs 0.063 I 
rhe prt1lluctinn of hexachlorophene from highly purifie<.l 2.4.5-trichlorophenol.) PeCDFs oms I 

HxCDFs 0.063 :·, I 

Y:O~ I Wastes (e\ct•pt wastewater and spent carbon from hydrogen chloride purification) from November 8. l9RR TCDDs 0.063 ,.J ·~·"" ! 
the production or manuf:Jcturing usc (:JS a reactant .• chemical imennediate, or PcCDDs 0.06l I 
component in a fnnnulating process) of penwchlornphenol, or of intennediatcs used to HxCDDs 0.063 #'_/ I 
pn)lhH:~ ifs derivatives. TCDPs 0.063 I 

PcCDFs 0.035 I 
HxCDrs 0.063 I 

co 
' <.n 

N 

Fo:::: Wa.~t~s (L'Xcept wa.stewatcr and spent carbon from hydrogen chloride purification) from November 8, 19Rl\ TCDDs 0.06l I 
the mamifacturing use {:)sa reactant, chcmical.-intennedinte, or component in a PeCDDs 0.06] I 
fonnulating process) of tetr:i-, penta-. or hex:~chlorob~nzenes under alkaline conditions. HxCDDs 0.063 I 

TCDFs 0.063 I 
PcCDl's 0 Ol) I 
HxCDrs 0.06] I 

Hl~:l \Vuqes (except wastewater ~n<.l spent carbo~ fr!Jm hydrogen chloride purification) from November 8. 1988 .JCDDs 0.063 I 
the production of materials on equipment previously used for the production or j;eCDDs 0.063 I 
manufacturing ust' (as a re~ctani. chemical intennediate. or component in a fonnulating HxCDDs 0.063 I 
proc~ss) of tri- and tctrachlorophcnols. (This listing does not include wastes from TCDFs 0.063 I 
equipm,•,nt us,~d only f~· the pn>ductinn or use of ht•xachlorophene from highly puri fred PcCDl's 0.035 I 
~.-1.5-trichlorophenol.) HxCDFs 0.063 I 

PO~() W:tstt•s (exct•pt wasicwatcr and spent cartlon. from hydrogen chloride purification) from November 8. I 98R TCDDs 0.063 I 
the pro<.luction of materials on equipment previously used for the manufacturing use (as PeCDDs 0.063 I 
a re:~ctant. chemical intenne<.liatc. or component in a fonnulating process) of tetra-, HxC~Ds 0.063 J 
pt•nta-. or hexachloroht:n7enc under alkaline conditions. TCDFs 0.063 I 

PeCDPs 0.035 I 
HxCDFs 0.063 I 

l'0~7 Discarded unuw<.l formulations contairiing.tri-. tl'lra-, or pentachlorophenol or discarded November R, I 9RR TCDDs 0.063 I 
unused fonnulations containing compounds <.lerivcd from these chlorophenols. (This PeCDDs 0.063 I 

' 
listing does not indudL' formulations containing hexachlorophene synthesized from HxCDDs 0.063 I 
prepurificd 2,4.)-trichlorophenol as the sole component.) TCDFs 0.063 I 

PcCDFs 0.035 I 
HxCDFs ()J)(J] I 
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Table 8-9. Summary o! Specific Dioxin-Containing Wastes That Must Comply with land Disposal Retrictions {continued) 

Land Disposal Regulated Treatment Standard• (ppb) 
EPA Hazardous Restriction Waste 
Waste Number Waste Description Effective Date Constitutent Wastewaters Nonwastewaters 

(i1'o/Ll (,,q/k[J) 

FO:Ifl flnsidur•s rnsultin\] lrorn the .I<Ktncrotion or thermal treatment ol so'rl November 8, 1988 TCDDs 0.063 •. 
contaminated with EPA Hazardous Waste Nos. F020-F023, F026, and PeCDDs 0.063 
F027 HxCDDs 0.063 

TCOFs 0.063 } 
it''"•''' 

PeCDFs 0.035 , ':l-. 

HxCDFs 0.063 . A' 
,./ 

F039 Leachate (liquids that have percolated through land disposed wastes) August 8, 1990 TCDDs 0.063 
resulting from the disposal of more than one restricted waste classified as (wastewater) PeCDDs 0.063 
hazardous under subpart D of 40 CFR 268. (Leachate resulting from the May 8, 1992 HxCDDs 0.063 
disposal of one or more of the following EPA Hazardous Wastes and no (non-wastewater) TCDFs 0.063 
other Hazardous Wastes retains its EPA Hazardous Waste Number{s): PeCDFs 0.035 
F020, F021, F022, F026, F027, and/or F028.) HxCDFs 0.063 

K043 2,6-dich\orophenol waste from the production of 2,4-D. June 8, 1989 TCDDs 0.063 
PeCDDs 0.063 

-HxCDDs 0.063 
TCDFs 0.063 

YeCDFs 0.035 
HxCDFs 0.063 

K099 Untreated wastewater from the production of 2,4-D. August 8, 1988 TCDDs 0.063 
PeCDDs 0.063 
HxCODs 0.063 
TCDFs 0.063 
PeCDFs 0.035 
Hxc:tlFs 0.063 

• Treatment standards (i.e., maximum allowable concentration in waste extraact) are based on incineration to 99.9999 percent destruction and removal elliciency. 

119/L = micrograms per liter 
J.lg/kg == micrograms per kilogram 
Source: 40 CFR 268 
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Table 8-10. CDD/CDF Concentrations in Chlorobenzenes 

1 .2-oc'sz 1, 2,4-TrCBz Mixed TrCBz 
MCBz (for synthesis) ("pure") (47%) 

Congener/ (Ref. Al (Ref. Al (Ref. Bl (Ref. Al 
Congener Group ,,,gikgl ("g/kg) ("g/kg) ("g/kg) 

Total TCOO NO (0.02) 0.3 NO (0. 1) 0.027 
Total PeCDD NO (0.02) NO (0.02) NO (0.1) 0.140 
Total HxCDD NO 10.02) ·NO (0.02) NO (0.1) 0.259 
Total HpCOO ND (0.02! NO \0.02) NO \0.1) 0.253 
Total OCDD NO (0.02! NO (0.Q2l NO (0. 1) o:os1 
Total TCDF NO \0.02) NO \0.02) NO (0. 1) 0.736 
Total PeCDF NO (0.02) 0.5 NO (0.1) 0.272 
Total HxCDF NO (0.02) . NO (0.02) NO (0.1) 0.091 
Total HpCDF NO \0.02) NO \0.02) NO 10.1) 0.030 
Total OCDF NO (0.02) 'NO \0.02! NO (0. 1) 0.016 

.. 

Total CDO/CDF -- -- -- 1.904 

NO = Nondetected; value in parentheses is the detection limit, if reported. 
-- = Not reported. 
>'g/kg = micrograms per kilogram. 

1 ,2,4,5-TeCBz PeC8z 
(99%) (98%) 

(Ref. A) (Ref. A) 
{.ug/kgl ("g/kgl 

NO (0.02) NO (0.02) 
0.2 NO (0.02) 
0.5 0.02 
0.8 0.02 
0.4 0.05 
0.03 0.02 
0.2 NO (0.02) 
0.8 NO (0.02) 
1 .5 .--0. 1 
2.1 j). 1 

--- --

• 

1--ICBz 
.,. 
-.. 

'· 
(97%) HCBz 

·. 
(Ref. A) )· !~!ilL Bl 
!t.~g/kg) .. .... . tglkg) 

NO (20) *'/ --
NO (20) --
NO (20) --

470 --
6,700 50-212,000 

NO \20) --
NO (20) --
NO (20) --

455 --
2,830 350- 58,300 

-- --

Ref. A: Hutzinger and Fiedler ( 1 991 a): unpublished results of tests performed at the Univ. of Bayreuth, Germany and by Dr. H. Hagenmaier. 
Ref. B: Villanueva et al. ( 1974); range of three samples of commercially available HCBz. 
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Ye:1r of 
PCt\ M1xturc Manu! ilC\tlfe 

tuoclor 101G 

Aroclor 1242 
Aroc\or 1 242 
Art,clor 12•12 
Clophen A-30 
Clophen A-30 

Aroclor 1248 
Clophen A~40 
KnnP.chlor 400 

Aroclor 1254 
Aroclor 1254 
Aroclor 1254 
Aroclor 1 2 54 
Clophen A- 50 

A roc lor 1 260 
Aroclor 1 260 
Aroclor 1 260 
Aroclor 1260 
Clophen A-60 
Clophen A-60 
Clophen A-60 
Phenoclor DP-6 

Clophen T -64 

Prodelec 301 0 

NO = Nondetected 
-· = Not reported 

197:2 

--
-· 

. ~ 

--

--

1969 
--
--

1969 
1970 

~ ~ 

--
--

--
1969 

--
--
.. 
.. 
.. 
.. 

.. 

--

mg/kg == milligram per kilogram 

References 
a: Bowes et al. (1975al 
b: Erickson ( 19861 
c: ATSDR (1993) 
d: Hagenmaier ( 1 98 7) 
e: Malisch ( 1 9941 

Te1ble 8-11. Concentr3tions of CDD/CDF Congener Groups in Unused Commercial PCB Mixtures 

CDF Congener Group Concentrations (mg/kgl COD Congener Group Concentrations (mg/kgl 

TCDF PeCDF HxCDF HpCDF OCDF Total TCOD PeCDD HxCDO HpCOO OCDD 
CDF 

NO ND ND -· -- NO ·- ·- -- -- --

0.07 0.03 0.003 -- -- 0.15 -- -- -- -- --
2.3 2.2 NO -- -- 4.5 -- -- -- -- -· 

0.25 0.7 0.81 -- -- 1.9 -- -- -- -· --

6.377 2.402 0.805 0.108 0.016 9.708 0.0007 NO 0.001 0.006 0.031._ 
0.713 0.137 0.005 0.001 NO 0.855 NO NO NO 0.005 0.025 

0.5 1.2 0.3 -- -- 2.0 -· .. .. ·- --
1.289 0.771 0.144 0.020 0.011 2.235 NO NO NO 0.012 0.030.-

-- .. .. .. .. 20.0 -- .. -- .. --

0.1 0.2 1.4 .. .. 1.7 .. .. .. ·- ·-

0.2 0.4 0.9 -· .. 1.5 .. -- -- .. --

0.02 0.2 0.6 .. -· 0.8 .. -- -- -- --
0.05 0.1 0.02 .. .. 0.2 .. -- .. .. .. 

5.402 2.154 2.214 0.479 0.069 10.318 NO NO NO 0.011 0.027 

0.3 1.0 1.10 1.35 .. 3.8 .. .. -- ·- ·-
0.1 0.4 0.5 .. .. 1.0 .. .. -- .. .. 
0.8 0.9 0.5 -- .. 2.2 .. -- .. -- .. 

0.2 0.3 0.3 .. .. 0.8 . . .. - .. . . .. 
15.786 11.655 4.456 1.517 0.639 34.052 0.0004 0.002 D.002 0.003 0.015 

16.340 21.164 7.630 2.522 1.024 48.681 NO NO - NO 0.014 0.032 

1.4 5.0 2.2 .. .. 8.6 . . .. -· . . .. 

0.7 10.0 2.9 .. .. 13.6 .. -- -- . . .. 

0.3 1.73 2.45 0.82 .. 5.4 . . .. .. ·- ·-

1.08 0.35 0.07 .. .. 2.0 .. .. .. . . .. 

Total 
COD 

.. 

--
-· 
.. 

0.039 
0.030 

) Ji";~ 
o.d42 

...,-.I .. 

.. 

.. 

--

--
0.038 

·-

.. 

.. 

.. 
0.022 
0.046 

. . 

.. 

--

.. 

Reference 
Number 

a 

b, c 
b. c 

b 
e 
d 

b 
d 

b, c 

a 
a 

b, c 
b 
d 

b, c 
a 

b, c 
a 
e 
d 
a 
a 

b 

b 

• 
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Table 8-12. 2,3, 7 ,8-Substituted Congener Concentrations in Unused PCB Mixtures 

.. ... ·"· 
Congcnor Concentrations in Clophens (Jig/kg) 

Congener 

2,:).7,8-TCOO 
1 .2.3. 7.8-PeCOO 
1.2.3,4. 7 ,8-HxCDO 
1,2 .3.6, 7.!3-HxCOO 
1, 2.3. 7 .8.9-HxCDD 
1, 2.3,4,6, 7 ,8-HpCOO 
OCDD 

2,3.7.8-TCOF 
1,2.3.7.8-PeCDF 
2.3.4, 7 ,8-Pt>COF 
1,2.3,4. 7 .8-HxCOF 
1,2.3.6. 7,8-HxCOF 
1, 2.3. 7 ,8,9-HxCDF 
2.J.4,6, 7,8-HxCOF 
1 .~.3.4.6. 7.8 HpCDF 
1.~ .3.4. 7 ,8,9-HpCDF 
OCDF 

Total TCOO 
Total PaCOO 
TotJI H'COD 
Totill HpCOO 
Totill OCOD 

T ot:JI TCOF 
lotnl PeCOF 
Total HxCOf 
Tot.ll HpCOF 
Total OCOF 

rot.ll CODtCOF • 
l nt,11 I· T[Q' 

NO ; Nondetected. 
~ Not reported. 

A-30 
(nef. AI 

NO 
NO 
NO 
0.8 
ND 
5.6 

31.1 

1032.6 
135.8 
509.2 
301.4 

65.3 
NO 

50.6 
43.7 
22.5 
15.7 

0.7 
NO 
1.2 
5.6 

31.1 

6376.6 
2402.4 

804.8 
108.3 

15.7 

97-16.4 
407.2 

A-30 A-40 
-(Ref. 81 (Ref. 81 

NO NO .. NO NO 
NO NO 
ND NO 
NO NO 
2.4 4.4 

24.7 30.3 

36.9 250.2 . 
14.9 52.7 
13.1 171.3 

1.9 48.4 
0.8 19.6 
NO 0.7 
0.1 6.8 
0.6 7 
NO 2.8 
NO 1 1 .4 

NO NO 
NO NO 
NO NO 
5.4 11.6 

24.7 30.3 

713 1 289.4 
136.5 770.8 

5.1 11\3.6 
0.8 19.5 
NO 1 1.4 

885.5 2276.6 
14.70 71.71 

• = Ca\cu,ated asumming not detected v~lues are zero. 
,.g/kg ~ micrograms per kilogram. 

ReferPnces: 
A = Mallsch I 1 !)941 
B ~ Hagenm~ier ( 19871 
C ~ Rrown et ~~- (19881 
D = Row~s 11975b\ 

()) 

I 
V1 
0'\ 

A-50 A-60 
(Ref. 8) (Ref. AI 

ND ND 
NO 0.1 
ND 0.2 
ND NO 
NO NO 
5.3 2.5 

26.9 14.9 

1005.7 2287.7 
155.2 465.2 
407.5 1921.9 
647.5 1604.2 
227.5 157.6 

8.3 42.8 
62.5 369.5 

205.5 480.6 
72.2 321.7 
69.2 639.2 

NO 0.4 
NO 2.0 
NO 1.8 

11.0 3.0 
26.9 14.9 

5402.3 15785.7 
2153.7 11654.6 
2213.8 4455.8 

478.8 1517.0 
69.2 639.2 

10355.7 34074.4 
327.11 1439.2 

A-60 
(Ref. 8) 

~ 
NO 
NO 
NO 
NO 
NO 
6.8 

'32.3 

3077.2 
1750.8 

2917 
2324.1 

351.3 
19 

408.3 
1126.1 

304 
1024.3 

NO 
NO 
NO 

13.5 
32.3 

16340 
21164 

7630.2 
2522.3 
1024.3 

48726.5 
1444.2 

Congener Concentrations in Aroclors (11 g/kQ) 
·.-. 

1016 1242 1248 1254 1254 1254 1254 
(Ref. Cl (Ref. C) !Ref. Dl !Ref. Ci (Ref. Ci (Ref. Cl (Ref. 01 

.. .. .. .. .. .. .. 

.. .. .. .. . . . . -· 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. ~i"<l .. .. 

0.10 40.1 330 28.0 20.9 55.8 •: 110 .. .. .. .. .. .. .. .. 

1.75 40.8 830 110 179 105 . 120 
.. .. .. .. .. .. } 

!{>=·" 
" 
. .. .. .. .. .. .. 

0.08 0.26 .. 28.8 28.7 19.4 .;) .. .. .. .. .. .. 
.. .. .. .. .. .. .. 
.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. --- .. .. .. 

.. .. .. .. .. .. .. 
~-

.. .. .. .. .. .. .. -.. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

• 
1260 1260 1260 

!Ref. Cl !Ref. Ci !Ref. Ci 

. . .. .. 

.. .. .. 

.. .. .. 

.. .. .. 
.. .. 
.. .. .. 
.. .. 

63.5 6.88 29.\.J 
.. .. .. 

135 58.2 112 
.. .. .. 
.. .. 

5.1 9.7 10.7 
.. 

.. .. 

.. .. .. 

.. .. 

.. 
.. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. 

.. .. 

.. 

.. .. .. 



DRAFf--DO NOT QUOTE OR CITE 

Table 8-13. Reported CDD/CDF Concentrations in Wastes from PVC Manufacture 

\.,. F024 Waste K019 Waste K020 Waste 
Congener/Congener Group '~'. (ug/kg) (Jig/kg) (ug/kg) 

_ _.,.-::1'-t,._ 'to' 
2,3, 7 ,8-TCDD " 0.37 260 0.06 
1 ,2,3, 7 ,8-PeCDD 0.14 890 0.05 
1 ,2,3,4, 7,8-HxCDD 0.30 260 0.08 
1 ,2,3,6, 7,8-HxCDD 0.14 330 0.06 
1 ,2,3, 7 ,8,9-HxCDD 0.11 620 0.07 
1 ,2,3,4,6, 7,8-HpCDD 4.20 920 0.89 
OCDD 15.00 1,060 3.00 

2,~,7,8-TCDF 0.91 
' i I 680 0.44 

1 ,2,3,7,8-PeCDF 9.5 975 1.80 
2,3,4, 7 ,8-PeCDF 1.6 1,050 0.58 
1 ,2,3,4, 7 ,8-HxCDF78 110 10,100 11 .0 

24.0 9,760 2.4 
1 ,2,3,6, 7,8-HxCDF 9.5 21,800 1.3 
1 ,2,3,7,8,9-HxCDF 3.1 930 0.89 
2,3,4,6, 7,8-HxCDF 250 13,400 38.0 
1 ,2,3,4,6,7,8-HpCDF 51 .0 1,340 6.0 
1 ,2,3,4, 7 ,8,9-HpCDF 390 43,500 650 
OCDF 

Total 2,3, 7 ,8-CDD 20.3 4,340 4.21 
Total 2,3,7,8-CDF 849.6 103,535 712.4 
Total TEO 19.98 5,928 3.19 

Total TCDD 3.1 1,230 1.9 
Total PeCDD 3.6 3,540 1.7 
Total HxCDD 1.3 3,950 NR 
Total HpCDD 5.0 1,270 1 .7 
Total OCDD 15.0 1,060 3.0 
Total TCDF 15.0 20,600 6.0 
Total PeCDF 65.0 45,300 11.0 
Total HxCDF 300 63,700 27.0 
Total HpCDF 450 16,600 58.0 
Total OCDF 390 43,500 650 

Total CDD/CDF 1,248 200,750 760.3 

NR = Congener group concentration reported in source is not consistent with reported 
congener concentrations. 

J..lg/kg = micrograms per kilogram 

Source: Stringer et al. {1995) 

8-57 April 1998 
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Table 8-1 <+. CDD/CDF Measurements in Products and Treated Wastewater from U.S. PEDC/VCIIA/PVC Manufacturers 

Suspension and Mass PVC Resins 

, .. 

Congener· and 
Congener Groups No. Detects/ 

No. Samples 

2,3,7,8-TCDD 
1,2.3,7,8-PeCDD 
1.2.3,4, 7,8-HxCDD 
1,2.3,6,7,8-HxCDD 
1.2.3,7,8,9-HxCDD 
1.2.3,4,6, 7.8-HpCDD 
OCDD 

2,3,7,8-TCDF 
1,2,3.7.8-PeCDF 
2,3.4.7 .8-PeCOF 
1.2.3,4, 7.8-HxCDF 
1,2.3,6,7,8-HxCDF. 
1,2,3, 7,8,9-HxCDF 
2,3,4,6, 7,8-HxCDF 
1.2.3,4,6.7,8-HpCDF 
1 ,2 .3.4, 7 ,8. 9-HpCOF 
OCDF 

Mean TEO (NO = zero) 
Mean TEO (NO = 1/2 DU 

Total TCDD 
Tot<~l PcCDD 
Total H.xCDD 
Total Hp.COD 
Total OCDD 
Total TCDF 
Total PeCDF 
Total HxCDF 
Total HpCOF 
Total OCDF 

nd "' not detected. 
nglkg = nanogrilmS per kilogrilm 
pg/L "' picogrilms per liter 
Source: The Vinyl Institute ( 1996) 

0/22 
0/22 
0/22 
0/22 
0/22 
1/22 
0/22 

0/22 
0/22 
0/22 
0/22 
0/22 
0/22 
1/22 
0/22 
0/22 
0/22 

0/22 
0/22 
0/22 
1/22 
0/22 
0/22 
0/22 
1/22 
0/22 
0/22 

Range of. 
Detected 

Cone. \nglkg\ 

Min. Max. 

nd nd 
nd. nd 
nd nd 
nd nd 
nd nd 
nd 0.64 
nd nd 

nd nd 
nd nd 
nd nd 
nd nd 
nd nd 
nd nd 
nd 0.37 
nd nd 
nd nd 
nd nd 

0.002 
0.65 

nd nd 
nd nd 
nd nd 
nd 0.64 
nd nd 
nd nd 
nd nd 
nd 0.37 
nd nd 
nd nd 

Dispersion PVC Resins 

Range of 
Detected 

No. Detects/ Cone. {ng/kg) . 
No. Samples 

Min. Max. 

0/6 nd nd 
0/6 nd nd 
0/6 nd nd 
016 nd nd 
016 nd nd 
1/6 nd 0.8 
0/6 nd nd 

016 nd nd 
0/6 nd nd 
016 nd nd 
0/6 nd nd 
0/6 nd nd 
0/6 nd nd 
0/6 nd nd 
0/6 nd nd 
0/6 nd nd 
2/6 nd 0.38 

0.001 
0.35 

1/6 nd 0.24 
1/6 nd 0.32 
5/6 nd 0.97 
116 nd 1.3 
016 nd nd 
0/6 nd nd 
1/6 nd 0.3 
016 nd nd 
0/6 nd nd 
2/6 nd 0.38 

Ethylene Dichloride tEDC) Treated Wastewater 

Range of Range of 
Detected Detected 

No. Detects/ Cone. {ng/kg\ No. Detects/ Cone. {pg/Ll 
No. Samples 

Min. Max. 
No. Samples 

Min. Max 
·;>..:, 

0/5 nd nd 0/,10 nd nd 
0/5 nd nd o/ie nd nd 
0/5 nd nd 0110 nd nd 
0/5 nd nd 0/10 J ~;·~Qd nd 
0/5 nd nd 0/10, 

, 
' •' nd nd 

0/5 nd nd 3/10. . nd 26 
0/5 nd nd 2/10 ,.; /_ nd 260 

0/5 nd nd 0/10 nd nd 
0/5 nd nd 0/10 nd nd 
0/5 nd nd 0/10 nd nd 
0/5 nd nd 1/10 nd 5.8 
0/5 nd nd i 110 nd 3.8 
0/5 nd nd 0/10 nd nd 
0/5 nd nd 2/10 nd 6.5 
1/5 nd 1.1 4/10 nd 78 
1/5 nd 0.40 3/10 nd 20 
1/5 -nd 1 1 0/10 nd 3.2 

MOOS 0.60 
0.21 4.5 

0/5 nd nd 0/10 nd nd 
0/5 rid rid 0110 nd nd 
0/5 nd nd 0/10 nd nd 
015 nd nd 3/10 nd 48 
0/5 nd nd 2/10 nd 260 
0/5 nd ... nd 0/10 nd nd 
0/5 nd nd 0/10 nd nd 
015 nd nd 2110 nd 30 
115 nd 2.02 3/10 nd 140 
1/5 nd 11 5/10 nd 900 

' I 
0 
0 
z 
0 
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T:1blc 8-15. CDD/COF Concentr<Jtions in Oiox<Jzine Dyes and Pigments (Canada) 

Congener /Congener Blue 106 
Group (ug/kg) 

2,3,7,8-TCOO NO (0.3) NO (0.31 NO (0.31 
1 ,2,3,7 ,8-PeCOO NO (0.3) NO 10.3) NO (0.31 
1 ,2,3,4,7,8-HxCDD -- -- --
1 ,2,3,6,7,8-HxCOO NO (0.3) NO 10.3) NO 10.31 
1, 2,3, 7 ,8,9-HxCOO NO (0.3) NO 10.3) NO 10.3) 
1, 2,3,4, 6, 7 ,8-HpCDD 31 6 9 
OCDO 41,953 28,523 18,066 

2,3,7,8-TCOF NO (0.3) NO (0.31 NO (0.31 
1 ,2,3,7,8-PeCOF NO (0.3) NO (0.3) NO 10 3) 
2,3,4, 7 ,8-PeCDF NO 10.3) NO 10.3\ NO (0.31 
1 ,2,3,4,7,8-HxCOF 1 2 2 2 
1, 2, 3, 6, 7, 8-HxCOF . . . 
1 .2.3,7,8,9-HxCOF -- -- --
2,3,4,6, 7 ,8-HxCOF NO (0.31 NO 10.3\ NO (0.31 
1 ,2,3,4,6, 7 ,8-HpCOF 50 10 14 
1, 2,3,4, 7 ,8, 9-HpCOF -- -- --
OCDF 12.463 1.447 1,006 

Total 2,3,7,8-COD 41,984 28,529 18,075 
Total 2,3,7,8-CDF 12,525 1,459 1,022 
Total TEO • • 56.4 30.2 19.5 

Total TCOO NO (0.31 NO (0.31 NO (0.31 
Total PeCOD NO (0.31 NO 10.31 NO 10.31 
Total HxCOO NO (0.3) NO 10.3) NO (0.3) 
Total HpCOO 34 8 1 2 
Total OCOO 41,953 28,523 18,066 
Total TCOF NO (0.31 0.3 NO 10.31 
Total PeCDF NO (0.31 NO (0.3) NO (0.3) 
Total HxCOF 12 2 2 
Total HpCOF 71 32 26 
Totill OCOF 12,463 1,447 1,006 

Tow! COO/CDF • • 54,533 30,012 19,112 

NO = Nondctccted; v:1luc in parenthesis is the dete.ction limit. 
-- = Not reported. 

Blue 108 
(pg/kg) 

NO (0.31 NO (0.31 NO (0.3) 
NO (0.31 NO (0.3) NO (0.3) 

-- -- --
NO (0.3) NO (0.3) NO (0.3) 
NO (0.3) NO (0.3) NO (0.3) 
NO 10.3) 9 1 

- 23 7' 180 806 

NO (0.31 NO (0.31 NO (0.3) 
NO 10.31 0.5 NO 10 3) 
NO (0.3) NO 10.31 NO (0 31 
NO 10.3) 76 4 . . . 

-- -- --
NO (0.31 NO (0.31 NO (0.31 

9 13 10 
-- -- --

11 941 125 

23 7,189 807 
20 1,031 139 

0.1 16.0 14 

NO (0.3) NO (0.3) NO (0.3) 
NO (0.31 NO (0.31 NO 10.31 

1 21 2 
NO 10.3) 30 5 

23 7,180 806 
NO (0.31 NO 10.31 NO (0.3) 
NO 10.3) 0.5 NO (0.3) 
NO (0.3) 76 5 

12 26 14 
11 941 125 

47 8,275 957 

• =Results listed for 1,2,3,4,7,8-HxCDF include concentrations for 1,2,3,6,7,8-HxCOF. 

Violet 23 
(pg'/kg) 

NO (0.3) NO (0.3) 
NO (0.3) NO 10.3) 

-- --
NO (0.3) NO (0.3) 
NO (0.3) NO (0.3) 

16 10 
11 ,022 7,929 

NO 10.3) NO (0.3) 
NO 10.3\ NO (0.3) 
NO (0.31 NO (0.3) 

39 31 . . 
-- --

NO (0.31 NO 10.31 
11 4 

-- --
3,749 1,556 

11 ,038 7,939 
3,799 1,591 

18.9 12.7 

NO (0.3) NO (0.3) 
NO (0.31 I-NO (0.31 

7 1- NO 10.3) 
36 11 

11,022 7,929 
NO (0.31 NO (0.31 
NO (0.3) NO (0.3) 

39 31 
29 •" 13 

3,749 1,556 

14,882 9,540 

• • = Nondetected values were assumed t-o be zero for calculation of Total TEOs and Total CDD/CDF. 
pg/kg = micrograms per kilogram 
Source: Williams et a/. ( 19921 
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Table 8-16. COO/COF Concentrations in Printing Inks {Germany) 

Rotogravure Rotogravure Offset Offset 
{2-color) {4-color) (4-color) {4-color) 

"V 
Congener/Congener Group - ,__., (ng/kg) (ng/kg) (ng/kg) (ng/kg) 

_::-:''1 ),' 

' 2,3, 7,8-TCOO NO (1 J NO (1.5) NO {2) NO (2) 
1 ,2,3, 7,8-PeCOO 8 NO (4) 15 6 
1 ,2,3,4, 7 ,8-HxCOO 

·~· 
19 NO (5) 16 11 

1 ,2,3,6, 7,8-HxCDD 325 310 82 21 
1 ,2,3, 7,8,9-HxCDD 155 105 42 14 
1, 2,3,4,6, 7 ,8-HpCDD 2,770 1,630 540 240 
OCDD 5,810 2,350 890 230 

2,3,7,8-TCDF 2.5 14 -. 7 7 
1 .~3, 7,8-PeCDF NO (2) I ~0 {4) ND (4) NO (3) 

2,3,4, 7 ,8-PeCDF NO (2) \ NO (4) ND {4) NO (3) 
1 ,2,3,4, 7 ,8-HxCDF 4 7 27 35 
1 ,2,3,6,7,8-HxCDF NO (3) ND (5) ND {5) ND {5) 
1 ,2,3, 7,8,9-HxCDF NO (3) ND (5) ND (5) NO (5) 
2,3,4,6, 7 ,8-HxCDF NO (3) ND (5) ND (5) ND (5) 
1 ,2,3,4,6, 7,8-HpCDF 40 14 315 42 
1 ,2,3,4, 7 ,8,9-HpCDF NO (4) ND (7) 11 ND (6) 
OCDF 129 NO (10) 960 165 

Total 2,3, 7 ,8-CDD 9,087 4,395 1,585 522 
Total 2,3,7,8-CDF 175.5 35 1320 249 
Total TEO * 90.1 66.2 38.2 17.5 

Total TCDD 4 ND (2) 77 38 
Total PeCDD 58 145 35 25 
Total HxCDD 2,679 2,485 660 246 
Total HpCDD 5,630 3,460 1' 100 445 
Total OCDD 5,810 2,350 890 230 
Total TCDF 5.5 28 90 35 
Total PeCDF 13 ND (4) 340 110 
Total HxCDF 29 45 95 94 
Total HpCOF 64 14 566 63 
Total OCDF 129 ND (10) 960 165 

Total CDD/CDF 14,422 8,527 4,813 1,451 

ND = Nondetected; value in parenthesis is the detection limit. 
Not reported.-
Calculation of TEO values assumes nondetected congeners are present at half of their detection limits. 

ng/kg = nanograms per kilogram. 

Source: Santi et at. (1994c). 
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Table 8-17. Chemicals Requiring TSCA Section 4 Testing Under the Dioxin/Furan Rule 

CAS No. 

79-94-7 
118-75-2 
118-79-6 
120-83-2 
1163-19-5 
4162-45-2 
21850-44-2 
25327-89-3 
32534-81-9 
32536-52-0 
37S53-59-1 
55205-38-4 

CAS No. 

79-95-8 
87-10-5 
87-65-0 
95-77-2 
95-95-4 
99-28-5 
120-36-5 
320-72-9 
488-47-1 
576-24-9 
583-78-8 
608-71-9 
615-58-7 
933-75-5 
1940-42-7 
2577-72-2 
3772-94-9 
37853-61-5 

Currently Manufactured or Imported as of June 5, 1987a 
., 
·\ 

Chemicat":Narqe 

T etr.abr~-;;'I'Qbii'henoi-A 
2,3·, 5, 6-Tetiachloro-2, 5-cyclohexadiene-1 ,4-dione 
2,4,6-Tribromophenol 
2,4- Dichlorophenol 

Decabromodiphenyloxide 
T etr abromobisphenoi-A-bisethoxylate 
8 T etr abromobisphenoi-A -bis-2, 3-dibromopropylether 
Allyl ether of tetrabromobisphenoi-A 
Pen tabromodiph enyloxid e 
Octabromodiphenyloxide 
1 ,2-Bis(tribromophenoxyl-ethane 1 1 1 

8 T etr abromobisphenoi-A-diacrylate 

Not Currently Manufactured or Imported as of June 5, 1987b 

Chemical Name 

Tetrachlorobisphenoi-A 
3, 4', 5-T ribromosaJicyJanide 
2,6-Dichlorophenol 
3,4- Dichlorophenol 
2,4, 5-Trichlorophenol 
2,6-Dibromo-4-nitrophenol 
2[ 2,4-(Dichlorophenoxyl ]-propanoic acid 

3, 5-Dichlorosalicyclic acid 
Tetrabromocatechol 
2, 3-Dichlorophenol 
2, 5-Dichlorophenol 
Pentabromophenol 
2 ,4-Dibromophenol 
2,3, 6-Trichlorophenol 
4- Bromo- 2, 5-dichlorophenol 
3, 5- Dibromosalicylanide 

Pentachlorophenyl laurate 
Bismethylether of tetrabromobisphenoi-A 
Alkylamine tetrachlorophenate 
Tetr abromobisphenoi·B 

T etrabromobisphenoi-A-bis- 2, 3-dibromopropylether and tetrabromobisphenoi-A-diacrylate are no longer 

manufactured in or imported into the United States (Cash, 1993). 

As of August 5, 1995, neither manufacture nor importation of any of these chemicals had resumed in the 

United States (Holderman, 1995). 
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Table 8-18. Congeners and Limits of Ouantitation (LOO) for Which 
Ouantitation is Required Under the Dioxin/Furan 

Test Rule and Pesticide Data Call-In 

/''•. ~· 

Chlorinated Dioxins Brominated Dioxins 
and F.urans and Furans 

2,3,7,8-TCDD 2,3, 7,8-TBDD 

1 ,2,3, 7,8-PeCDD 1 ,2,3, 7,8-PeBDD 

1 ,2,3,4, 7,8-HxCDD 1 ,2,3,4, 7,8-HxBDD .. 
I I I I 

1 ;2,3,6,7,8-HxCDD 1 ,2,3,6, 7 ,8-HxBDD 

1 ,2,3, 7 ,8,9-HxCDD 1 ,2,3, 7 ,8,9-HxBDD 

1 ,2,3,4,6, 7,8-HpCDD 1 ,2,3,4,6, 7,8-HpBDD 

2,3,7,8-TCDF 2,3,7,8-TBDF 

1 ,2,3, 7,8-PeCDF 1 ,2,3, 7 ,8-PeBDF 

2,3,4, 7 ,8-PeCDF 2,3,4, 7 ,8-PeBDF 

1 ,2,3,4, 7,8-HxCDF 1 ,2,3,4, 7 ,8-HxBDF 

1 ,2,3,6, 7,8-HxCDF 1 ,2,3,6, 7,8-HxBDF 

1 ,2,3, 7,8,9-HxCDF 1 ,2,3, 7,8,9-HxBDF 

2,3,4,6, 7,8-HxCDF 2,3,4, 6, 7 ,8-HxBDF 

1 ,2,3,4,6, 7 ,8-HpCDF 1 ,2,3,4,6, 7 ,8-HpBDF 

1 ,2,3,4, 7,8,9-HpCDF ·. ' 1 ,2,3,4, 7,8,9-HpBDF 

,ug/kg = microgram per kilogram . 
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LOO 
(.ug/kg) 

0.1 

0.5 

2.5 

2.5 

2.5 

100 

1 

5 

5 

25 

25 

25 

25 

1,000 

1,000 
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Table 8-19. Precursor Chemicals Subject to Reporting 
Requirements Under TSCA Section 8(a) 

; 

CAS No. 

y,., 
. c''' ''>, ' Chemical Name 

85-22-3 Pentabromoethylbenzene 
87-61-6 1, 2, 3-Trichlorobenzene 
87-84-3 1 , 2, 3,4, 5-Pentabromo-6-chlorocyclohexane 
89-61-2 1 ,4-Dichloro-2-nitrobenzene 
89-64-5 4-Chloro-2 -nitrophenol 
89-69-0 2,4, 5-Trichloronitrobenzene 
92-04-6 2-Chloro-4-phenylphenol 

'\ 

97-74-6 4-Chloro-o,tolo'xy acetic acid 
94-81 -5 4-(2-Methyl-4-chlorophenoxy) butyric acid 
95-50-1 a-Dichlorobenzene 
95-56-7 a-Bromophenol 
95-5 7-8 a-Chlorophenol 
95-88-5 4-Chlororesorcinol 
95-94-3 1 ,2,4,5-Tetrachlorobenzene 
95-50-7 5-Chloro-2,4-dimethoxyaniline 
99-30-9 2, 6-Dichloro-4-n·Jtroaniline 
99-54-7 1 ,2-Dichloro-4-nitrobenzene 
106-37-6 Dibromobenzene 
106-46-7 p-Dichlorobenzene 
1 08-70-3 1 ,3,5-Trichlorobenzene 
108-86-1 Bromobenzene 
108-90-7 Chlorobenzene 
117-18-0 1, 2,4, 5-Tetrachloro-3-nitrobenzene 
120-82-1 1 ,2,4-Trichlorobenzene 
348-51-6 o-Chlorofluorobenzene 
350-30-1 3-Chloro-4-fluoronitrobenzene 

615-67-8 Chlorohydroquinone 
626-39-1 1 ,3,5-Tribromobenzene 
827-94-1 2, 6-Dibromo-4-nitroaniline 
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Table 8-20. Results of Analytical Testing for Dioxins and Furans in the 
Chemicals Te~ted To-Date Under Section 4 of the Dioxin/Furan Test Rule 

"V - ,._., 
,. 

' 
..., 

' No. of .. 
Chemical 

Companies No. of 

CAS That Submitted Positive Congeners Detected 
Number ChemiCal Name Data Studies !detection range: i<gll<g) 

79-94-7 Tetrabromobisphenoi-A 3 0 No• 

118-75-2 2,3, 5,6-Tetrachloro-2, 5- 4 4 See Table 8-21 
cyclohexadiene-

· 1 ,4-dione (chloranil) . 
118-79-6 2,4,6-Tribromophenol 1 0 No• 

120-83-j o' I 
2,4-Dichlorophenol 1 No• 

1163-19-5 ·oecabromodiphenyl oxide 3 3 2,3, 7,8-PeBDD IND-0.1) 
1 ,2,3,4, 7,8/1 ,2,3,6,7,8-HxBDD (ND-0.5) 
1 ,2,3,7,8,9-HxBDD (ND-0.76) 
1 ,2,3, 7,8-PeBDF (ND-0.7) 
1 ,2, 3,4, 7,8/1 ,2,3,6, 7 ,8-HxBDF IND-0.8) 
1 ,2,3,4,6, 7 ,8-HpBDF ( 17-186) 

25327-89-3 Allyl ether of 1 0 ND" 
tetrabromobisphenoi-A 

32536-52-0 Octabromodiphenyl oxide 3 3 2,3,7,8-TBDD (ND-0.71) 
1 ,2,3,7,8-PeBDD (ND-0.1) 
2,3,7,8-TBDF (ND-12.6) 
1,2,3, 7,8-PeBDF IND-6.3) 
2,3,4,7,8-PeBDF (ND-83.1) 
1 ,2,3,4,7,811 ,2,3,6, 7,8-HxBDF (ND-67 .8) 
1 ,2,3, 7,8,9-HxBDF (ND-56.0) 
1 ,2,3,4,6, 7,8-HpBDF (ND-330) 

378-53-59-1 1, 2-Bis(tribromo-phenoxyl- 1 1 2,3,7,8-TBDF IND-0.04) 
ethane 1 ;2, 3,4,7 ,8/1 ,2,3.6,7,8-HxBDF (ND-0.03) 

1,2,3;4,6, 7,8-HpBDF (ND-0.33) 

32534-81-9 Pentabromodiphenyl oxide 2 2 1,2,3,7,8-PeBDD (ND-5.91 
1.2,3.4, 7,811. 2.3,6. 7 ,8-HxBDD (N0-6.8) 

1 ,2, 3,4, 7 ,8/1,2,3,6, 7 ,8-HxBDD (ND-6.8) 

1.2,3. 7,8,9-HxBDD (ND-0.02) 
2,3, 7,8-TBDF(ND-3.1) 
1,2,3, 7,8-PeBDF (0. 7-1 0.2) 
2,3,4,7,8-PeBDF (0.1-2.9) 
1 ,2,3,4, 7,8/1,2,3.6, 7,8-HxBDF ( 1 5.6-61.2) 
1,2,3,4,9. 7,8-HpBDF (0. 7-3.0) 

... 
4162-45-2 Tetrabromobisphenoi-A- 1 0 No• 

bisethoxylate 

No 2,3,7,8-substituted dioxins and furans detected above the Test Rule target limits of quantitation (LOO). (See Table 8-18.) 
b Third study is currently undergoing EPA review. 

Study is currently undergoing EPA re·;iew. 

1-'9/kg = micrograms per kilogram 
Source: Holderman and Cramer ( 1995) . 
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Table 8-21. CDDs and CDFs in Chloranil and Carbazole Violet 
-~ 

Samples Analv4y:l,"rsuant to the EPA Dioxin/Furan Test Rule 

-""·,~ '.), ' 

Concentration (.ug/kg) in Chloranil 
... -

Congener Importer Importer Importer 
1 2 3 

2,3, 7,8-TCDD nd (1) nd (1) nd (2) 

1 ,2,3, 7,8-PeCDD nd (2) nd 121 nd (5) 
f \ I \ 

1 ,2,3,4, 7,8-HxCDD nd (3) nd (1 0) nd (5) 

1 ,2,3,6, 7,8-HxCDD nd (3) 75 nd (5) 

1 ,2,3, 7,8,9-HxCDD nd (1) 48 nd (5) 

1, 2,3,4,6, 7,8-HpCDD 110 8,200 390 

OCDD 240,000 180,000 760,000 

2,3.7,8-TCDF nd (1) nd (2) nd ( 1) 

1 ,2,3, 7,8-PeCDF nd (1) nd (1 J nd (3) 

2,3,4,7,8-PeCDF nd (1) nd I 1) nd (3) 

1 ,2,3,4,7,8-HxCDF 35 nd 1860) nd 14) 

1. 2,3,6, 7,8-HxCDF nd 15) nd (860) nd (4) 

1 ,2,3, 7,8,9-HxCDF 6 nd (680) nd (4) 

2,3,4,6, 7,8-HxCDF nd (5) nd (680) nd (4) 

1 ,2,3,4,6, 7,8-HpCDF 33 240,000 36 

1 ,2,3,4, 7,8,9-HpCDF nd (15) nd (100) nd (15) 

OCDF 18,000 200,000 50,000 

TOTAL TEO* 263 2,874 814 

Source: Remmers et al. ( 1992). 

nd == nondetected; minimum limit of detection shown in parenthesis. 
pg/kg == micrograms per kilogram. 

• == Calculated assuming not detected values are zero. 

8-65 

Concentration 
(.ug/kg) in 

Importer Carbazole 

4 Violet 

nd (2) nd (0.8) 

" nd (6) nd (0.5) 

nd (3) nd (1.2) 

6 nd ( 1.2) 

9 nd ( 1.2) 

2,300 28 

71,000 1,600 

nd (2) nd (1.6) 

nd (5) nd (0.9) 

nd (5) nd (0.9) 

5,600 nd (20) 

nd (600) nd (20) 

nd (600) nd (20) 

nd (600) nd (20) 

230,000 15,000 

nd (400) nd (20) 

110,000 59,000 

3,065 211 
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2,3.7,8-TCDD 

1,2,3,7,8-PcCDD 

1,2,3,4,7,8-HxCDD 

1,2,3,6,7,8-HxCDD 

1,2,3,7 ,8,9-HxCDD 
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Ratio (congener concentration I total CDD/CDF concentration) 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

~----------------~--------~------~--------~--------~-------···--

;;;;;;;~~::£~~~-::.~~~~:~~:~~~~~·5~~~0~~~-n.~.l~-~-~ui•~·••••••••••~~~~~·~~[·J~~~~·~~-~;:.=··=·J~~·~t~~-~:l·~,f.I:~~~J•I~i-l1 ~~·~~=·~i~m 
2,3,7,8-TCDF 

1,2,3,7 ,8-PeCDF 

2,3,4,7,8-PeCDF 

1,2,3,4,7,8-HxCDF 

t 1,2,3,6,7,8-HxCDF 

1,2,3,7;8,9-HxCDF 

2,3,4,6,7 ,8-HxCDF 

1,2,3,4,6,7 ,8-HpCDF 

I ,2,3,4,7 ,8,9-HpCDF 

\ I 

1,2,3,4,6,7,8,9-ocoF ~-~~··.[JIIIII]~,}I,~~r.;,c;~M, 
~----------------------------------------------------------------··· 

Ratio (congener group concentration I total CDD/CDF concentration) 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

TCDD 

PeCDD 

HxCDD 

HpCDD 

OCDD 

TCDF 

PeCDF 

HxCDF 

HpCDF 

OCDF 

Figure 8-4. Congener and Congener Group Profiles for Technical PCP 
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Table 8-22. Status of First Pesticide Data-Call-In: Pesticides Suspected of Having the Potential to 
Become Contaminated with Dioxins if Synthesized under Conditions Favoring Dioxin Formation 

Support 
Pesticide [Active Ingredient] CAS Number Withdrawn 

Dic·h \nw<li t1unn>mel hane 75-7\ -R Yes 

0-( .\- Hromn-2 5-<lich\nrnphcnv\) 0. 0-di mcthv\ phnsphoro1 hioate 2\ 01\-96-J Yes 

DinwthvLnninc :..:..~~triindnhcntn:IIL' 1Hofl1-•1')-9 Yc_,. 

Nt'l111ftll1 555-]7-J Yes 

Cn1f1Hll:ltc 2')')-U,'i Yes 

t--IC\ 'I\. ·1-hul "' ic· :lL·Hi 1-1-t 2 -Mcthvl--1-ch1nrophcnox v)hutvr'lc ocid I '!4-?. 1-'i No 

~\('\'\\, N~\ s~1lt \Sndi11111 .\.(~·lllL'lhv\-·1·chltl!tlphL'lW-xv)hulvJ;Jtl'1 (,()(,2-2(,.(, No 

.\ -C'h1nrnphemn v:>cTI ic :Kid 122-RR-\ No 

Chlnrnxurnn 191\2-47-4 Yes 

I )ichlnheni1 1194-65-6 No 

Prnpani1 I J',.\'-\)ich1nrnprnpinnani1idc1 709-9R-R No 

Dich1nklllhinn 10-(2,-1-\)ich1nn>phenvll 0,0-diethvl phosphorothioalc)1 97-17-6 Yes -DDT [Dichlnro diphcnvllrichloro<.'thancJ 50-29-] Yes 

llichlone 12.:1-dichlm<>-1.·1-napht1mquinoncJ· 11-r:-R0-6 Yes 

Ammonium ch1m:unhen I l-amino-2.5-dich1orohcnzoic acid[ I 076-46-6 Yes 

Sodium chloram!-1en il-amino-2.5-dichlorobenzoic acid] 1954-R 1-0 Yes 

Sodium 2-(2.4-dichlorophenoxy)Cihvl sulfate I 36-78-7 ·Yes 

' .. 
DCN /\ 12.f>-Dich 1oro .. 1-nil ro:m iIi ne I 99-\0-9 No 

Potassium 2-(2-n>ct hy_l-4 -ch lorophcno.x v)rrorionate 1929-86-8 Yes 

MCC'P. DEA Salt 1 Diclh:mol:nninc 2-( 2-mcthy\-4-chlorophenox v)propionate 1 14]2-14-0 Yes 

MCPI'. IOE I lS<><JCIYl 2-(2-ll>cthvl-·1-chlnropheno.w)propionate 1 28473-01-2 No 

Dicapthor{ .. 1 0-( 2-ch loro--1-n il ropknvl) 0 ,0-dimethy\ phosphorothioatc I 24(,]-84-5 Yes 

~-tonur on trichlmnan·t:llc· I]-( -1-ch l<~rophcnvll- I . 1 -di met hvlurea I rich loroacctille I 140-41-0 Yes 

Diuron 13-(J 4-dichloronhenv1)-l 1-dirnethvlureal 330-54-1 No 

•• 
,' 

Testing 
Required 

--

--
--

--

--
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'4~::~· , 

,. 

,v' _,i.o 
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--

Yes 

No 
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--
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--

--

No 
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No 
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Table 8-22. Status of First Pesticide Data-Call-In: Pesticides Suspected of Having the Potential to 

Become Contaminated with Dioxins if Synthesized under Conditions Favoring Dioxin Formation (continued) 

.,. 

Shaughnessey Support Testing 
Cod~ Pesticide {Active Ingredient] CAS Number Withdrawn Required 

0.1550h Linu.ron I ~-(~.4-dichlorophenvl)-1-mctho~ v-1-methylurcal 330-55-2 No No 

OYi'>OI · Mctohromuron 1~-(p-brornophcnvl )-1-methoxy-1-methylurca] 3060-R9-7 Yes .. 

05~501 Methvlrarathion [0.0-Dimethvl 0-r-nitrorhenvl rhosrhorothioatc] 29R-00-0 No No 

OSSOOI Dichlororhene {Sodium 2.2'-mcthvlenehis( 4-chl0rophcnate) l 97-23-4 Yes .. 

''· '•. 
0'\5005 Oichloropht•nc .. sodium salt .·I S"odiLim. 2.2'-rncihykncbis( 4-chlorophcnate )] I 0254-48-5 Yes .. 

055201 I. 2 .-I .5-Tctrach lorn- 3 -nitrohc·m.eni: 117-IX-0 Yes 
. ·\ . 
...... . fi.-."'· 

"I 
0575(11 Ethvl Par:uhion IO.O.dieth\il·o:p-nitr<'ritu~nvl phosphoruthioate) 56-3R-2 No .» ) No 

/ 

05X102 Carh~'rhenothitm [S-( ( ( p-ch lorophenvl )thio )mcthvl l 0.0-die.thyl phosrhorodithioatt•] 7Rr,.J9-Ii Yes .. 

0'\S.~O I Ronnel I O:O-dinwthvl ().( 2.-1.5-trichlorophcnyl) phosrhnrothioate] 229-R4-3 Yes .. 

O'\SS02 T\·1 it in 1'1' I Si>dium '\-l:hlnrn-2-(.J-chlom-2-( 3~( 3·.4-dichlomphenvl)ureido)pheno~ v) henzenesulfonate) 3)(,7 -25-7 No No 

\))').J\)1 OniH>tlichl<>n>henzene 95-50-1 Yes .. 

ll<l l.'itll l 1 ar;ldi~-.·h h 11 { 'hcn/l'lll' I Of>-~(,.7 No No 

Oh2201 Chlt>n>phene 12-lknzvi-.J-chltll "l'llt'nniJ 120-32-1 No No 
~ 

OA~202 Pnt~ssitlln 2 -hcnzvl .. t-ch lnrnrhcn~tl' 3)1171-49-9 No In review 

0(-,2~0.1 Sotliu·,',·, 2 -·h.;n7vl-.l-ch ln;t>pht•nate 31 R4-65-4 No In review 

0(-,~20-1 :-Chlornrhenol 95-57-8 Yes --

Ob:'.:'.llh ~-Chhlnl---l-phenvlphL'rH ,J 92-04-li Yes --

llh22ll7 l\ Hassi urn .:. -chll'lr ~)--\ -phenv1phcna1L' tl\ln-16-0 Yes --

0tJ220~ ·1-Ch h >rt>· 2 · rhen vlpht'JH >I not available Yes --

0(-,2209 4-Chlnro-::!,phenvlphennl. potassium s~lt )~404-21-0 Yes --

(1(>221 () (>-Ch '''n'· 2 · rhenvlrht'rH>I H5-'J7-2 - Yes .. 

06:'.211 6-Chlt>rn-2-pherwlrhennl. pol:\Ssium sail I R 12R-17-1 Yes --

Ot<~ ~I~ .).(.'11),,,,,.~ Jlhl'llVIph~...·tllll, Stli!IUI!l :-.all 10(,()5-I(H Yes .. 

(\(,2:'.1.1 h-Ch hHl>·: ·PhL'Il vlnht•nol st~diunl sail !0605-!! -5 Y::;; --

• 
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Table 8-22. Status of First Pesticide Data-Call-In: Pesticides Suspected of Having the Potential to 
Become Contaminated with Dioxins if Synthesized under Conditions Favoring Dioxin Formation (continued) 

Shau~hnl•s-.;ey Support Testing 
(\lJL Pesticide I Active Ingredient] CAS Nurnhcr Withdrawn Required 

l\(•cct-1 ~ :md (1-Ch!{lrn-2-phcnvlphl'nol. dicthanol:unine S:\lt 53537-(,3-6 Yes .. 

062215 2-Chlc>ro--1-phcnvlphcnol. sodium salt 3 1366-97-9 Yes .. 

0<>-1202 ·1-C'h h H tl- 2 -cvclt 1pent vlphc!ltll 13347-42-7 Yes .. 

01>·120S rcntic·hlor 12.2'-Thillhis(-1-chloro-l>-!llcthvlphcn"ll I 441 R-(>6-0 Yes .. 

06-l:'()<l rcntichlor 12.2'-Thiohis(-1-chlorophcnoll I 97-24-5 Yes .. 

01>-121-1 ·\-Chloto-:2-cyl'\opL'I\IY!phcnol. potassium salt nf 35471-3H-6 Yes 

.. 
/ 1<-.J,'"~~ 

()(>-12 ~~ .\ -Chh 'n'- '2-i,.'\'Ch'\'L'IH v\phen~ '\. sud\un\ salt 53404-20-Y Yes ~·) 
()117707 Ch ltlrnph:Kint lllL' 3W l-3'i-R No No 

()h<)J()'i ADB;\C \Al\.:vJ• dimcthvl hcnz.vl a1111noniurn chloride *C\0% C14. 40% C12. 10% C16)] 6R424-R5-1 No No 

0!>'11-1-1 ;\llll;\C \Alkyl• dilllcthyl .1.-1-dic·hl"n>hc·nzyl alllllHHliUIII chloride •((>I% Cl2. 23% Cl4. II% CJ6, 5% not available No No 
C I X l I 

077-101 N icl"''"" ide• 12 -A111 i IH><:t h:mol s:llt of 2'.'i-dichloro-4' -nitrosalicylanilidc I 1420-04-8 No No 

077-lllh 'i-( 'h hm>salicvlani l1dc· 4638-48-6 Yes .. 

!l7X7SO 2-1\1 ct 11 v 1--1. i sol hi :1111 I in- :1-onc n;;{ available Yes .. 

07LJ202 Tc·tratllfon \4-chh'r''Phenvl 2,.1.)-trichlorophcnyl sulfone] 116-29-0 Yes .. 

079:101 Ch!t1ranil I tctrachloro-p-hcnzoquinonc] 118-75-2 Yes --

OX0-10:1 6-Chlonl!hymol 89-68-9 Yes .. 

OSOH II Ani lal.inc 12 .·1-1 lich lorll-(>-( o-ch lmoani linn H -tri:lli nc I 101-Q$-3 Yes .. 

OXIlJOI Ch !mot haloni 1 1 tel rachlmlli sorhthalonirrilc I 1897-45-6 No Yes 

OR2602 Sodiurn 2.3.6-Trichlorophcnvlacct arc 2439-00-1 Yes .. 

OX-1101 Chlorfenvinrhos 470-90-6 Yes .. 

OX4901 0·(2-Ch\oro-1-(2,'i-dichlororhcnvl )vinyl) 0,0-dicrhyl phosphorothioatc 1757-18-2 Yes .. 

oxr,xo 1 l't '1\1\ 1·1 l'hhun .1.'>-xvlc·llnll XX-04-0 No No 

097003 Pincroli11 13-(2-Melhvlnincridino)pronyl J 4-dichlorohenzoat~ I 3478-94-2 No No 

•• 
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Table 8-22. Status of First Pesticide Data-Call-In: Pesticides Suspected of Having the Potential to 

Become Contaminated with Dioxins if Synthesized under Conditions Favoring Dioxin Formation (continued) 
"" 

Shaughncsscy Suppon Testing 
Cod~ Pesticide [Active Ingredient] ·- ' .. ~ ··cAs Number Withdrawn Required 

... 

100()01 Fenarniphos not available No No 

101001 p-Chloro_ll_henyl diiodomethyl sulfone 20018-12-6 Yes .. 

101101 Metribuzin 21087-64-9 
·N, 
No No 

\0.\30! Bifenox [methyl 5-(2.4:dich1orophe~oxy)-2-nitrobenzoate] 42576-02-:.l Yes 
-.. .. ·-

10()001 Meth:u.ole [2-(3,4-dichlorophenyl )-4 -methvl-1.2.4-oxadiawlidinc-:1.5-dione] 20:154-26-1 Yes ·.\ .. 

' '~~es 108201 Di nuhen7.u ron [N -( ( ( 4-ch lorophenyl)amino )carbonyl l-2.6-d i nuorobenzamide] 35367-38-5 No 

\09001 Oxadia7.0n [2-ten-hutvl-4-(2.4-dichloro-5-isopropoxyphenyl)- delta 2 -1.3.4- oxadia7.oline-5-onc] 19666-30-9 No *'/ Yes 

109:101 Fenvalt:rate 51630-58-1 No In review 

109302 Fluvalinate [N -2-Chloro-4-trinuoromethyl)phenyi-DL-valine ( +- )-cyanoO-phenox y- phcnyl)rncthyl ester] 69409-94-5 No No 

109SOI lprodinne { 3-(1,5-Dichlnwphenyll-N-( 1-methylethyl)-2.4-dinxn- 1- 36Ht-19-7 No No 
imidaznlidinl'c:uhuxatilidc ('fCA)I 

IO<l<l()l Triadirndon { I +l-Chlnrophcnoxy)-3.3-dim~thyl-1-( I H-1.2.4-tria7.01-1-yl)-2-hutanonc] 43121-43-3 No No 
~ 

110902 Dic1ofop - methyl [ methyr2-( 4-(2.4-dichlorophenoxy)rhcnox v)rropanonte] 51 ~38-27-3 No Yes 

I I 1-10 I l'rnft'nofos I 0-( 4- Rronlll-2-clllnrnphcnyl )-0-cthvl S-pro.rryJjlhosphorothioatc I 41l9X-OR-7 No In review 

111601 Ox ytluorfen [ 2-chloro-1 -()-ctho-xy--4-nitrophenoxy)-4-(tritluoromcthyl)bcm.cnc] 42874-03-3 No In review 

lll 1l01 llna7alil II -(2-(2,.\-Dichlor<>phenvll-2-(2-prnrenvlox vkthyll-1 H-imidazolc] ~5554-44-0 No No 

112l\02 Bromothalin [N-Mcthyl-2.4-dinitro-n-(2,4,6-trihrnmophcnyiHi- 6~333-35-7 No No 

( t ri fulor<Hllc't h v!)henzenam i IK' I .. 
I I .12(11 Vindn{(>lin I .1-( .1,:i- Dichlornphenvl )-) -cthen vi-) -lllc'thvl-2.4-mawlidincdionc ('!CA) I 50471-44-H No No 

11'10(11 T'cnridal.lln I l'ntassiurn I-< r-chlnn•phcnyll-.1 ,.1-dihvdro-6-rncthyl-4-oxo- pyridnzinc- 3-carboxylatcl X358X-43-6 No In review 

12.1901 Tridiphane! 2-(.'l.'i-Dichlnrophenvl)-2-(2.2.2-\rkhlorocthyl) oxiranc] 53\:.l\\-08-2 No No 

12)1101 Pac!ohut 1 :11nl 7(,7]8-62-0 No No 

12SS.1S l.ill;\]lltl] ?X-70-(, Nfl In n ~vI~~\'' 

2nc\(\(\t\ I 'c·na<lllll11 {a·( 2-c·hi<H < >phen vi I ·:1-(·1 .'.:hi<H <>phenyl)· 'i -py1 imidincnlcthanoll 60 I (,H-88-lJ No No 

• 
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Table 8-23. Status of Second Pesticide Data-Call-In: Pesticides Suspected of Being Contaminated with Dioxins 

Shau)!.htH..·~sy 
.,.. 

Support Testing 
(\'ldl' l'cstici<k [Active Ingredient] C1\S Numher Wirhdr~wn Reguircd 

\\2'1,(\1 t li~,·;\nl\';' I·' J'·th>..:hh'n'-\'~-:\nl':'-1( ~Klt\) 191 H-00-') No Yes 

02<l~02 Dicarnh:1 ditnerhvl:uninc 1 :l.ti-dichloro-o-~nisic acid] 2300-6(,.5 No Yes 

()2<l,O.< Dieth:tnnbtnine Llic:unha [.\.(>-dichloro-2-anisic ocid] 25059-JR-3 Yes .. 

mooo1 2.-1-Dichlororhenox vaccric acid 94-75-7 ·No Yes 

0.1(\(l(\:' I .ithittlll "2 .·1-dt ... :hl~'n'plwn\n \'~ICL'l:ttL' 37(,(>-27 .(, No· No 

' ()1()()()1 l\\\;\S'->iU\1\ 2 .·l-l\)L·h}nt <lrhl'flOX \':\CL'I;IIL' 1421-l-H9-2 Yes .. 

. ') ..(""'"~ 0.1000-l Sodium 2.·1-dichlororhcnox v:tn~tarc 2702-72-9 No .. I }r 
No 

()1000." t\ !lli!Wniutll ~ ,·l-d ich h 'rnphcnn~ v:tCL'I ;JIL' 2:107-55-:1 Yes # ~ .. 

0.10010 Albnol• :\!nine 2.-1-dic·hlowrhenoxvacctate •(salts of the ethanol and iS£f~1no1 series) not available Yes .. 

0.<00 I I ;\lkvl• :trnine 2.-1-dichh>rnphenoxvaccratc *( 100% Cl2) 2212-54-6 Yes .. 

0:10013 Alkvl• :uninc 2.4-dichl<lfO[lheno.xvacerar~ *(100% Cl4) 28685- I R-9 Yes .. 

0<001-1 1\lkvl• :1mine 2.·1-dichlorophenoxv:Jcerarc •(a.s in f:1ttv acids of tall oil) not available Yes .. 

030016 Dkrhnnnbminc 2.4-dich lororhcnox vnccrntc 5742- I 9-8 No No -
0.<00 I 7 J)iethvl;tmine 2..-t-dichlnrophenox. V~l'Ct:11l' 20940-37-8 Yes .. 

0:10019 Di methylamine 2.4-d ichlororhcnox vacetnte 2068-39-l No No 

0.10020 N. N ·Dime! hylolcvl:un ine 2. -1-dichlorophcnox vacct:llc 53535-36-7 Yes .. 

0.1002 I Er h:1nol:uninc 2.4 -dich l<>n>rhenox v:Jcet:Jtc 3599-58-4 Yes .. 

030023 Hcpr vlamine 2.4-di<:h\mnpileno:< vacelatc 37102-63-9 Yes .. 

.. 
O:IOIE-1 1 St)pr(Jp:ln()l a ttl i ne ~. 4 -(1 ic 111 ()f(Jr l1et1 <)X vacet ate 6365-72-6 Yes .. 

\\3()(\25 lS<.'J'TOJ:l.vbmine 2.4-dichlnwrhcnox vncetnte 5742-\7-6 No No 

03002H rv1orpholine 2.4-d ich lorophcnox vacernre 6365-73-7 Yes .. 

0:1002') N·Oky\-l )_:_pro_[lylcnedinrnine 2.4-dichlorophenoxyncetare 2212-59-1 Yes .. 

030030 OctyliHninc 2.4-tlit.:hlnrophcnnx y;JcctaiL' 22 I 2-53-5 Yes --

0.10031 TriL•th:molallline 2,•l-didl11Hnphenn.x v:ll'l'late 2569-01-9 Yes .. 

O}()Ol·l Tricthvlan>inc• 2 •1-dichlllm '""""-' v:>cct:~tc 2646-78-8 No No 
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Table 8-23. Status of Second Pesticide Data-Call-In: Pesticides Suspected of Being Contaminated with Dioxins (continued) 

;:-.,. 

Shaughn~ssy Support Testing 
Cod!! Pesticid~ [Active lngn:dient] CAS Number Withdrawn Required 

32341-80-3 No No 

N .N-Dimethvl olcyl-linolevl an1ine 2.4-dichlorophcnox vacetate 55256-:12-1 Yes --
1928-57-0 Yes --

Rutox-y~·~hyr 2 ,4-dkhlorOphcn07( v3cetaie 1929-73-3 No No 
., 

·0.\00)) Rut ox vrropyl 2,4-dichlorophcnoxyacetate 1928-45-6 Yes --
0 

94-80-4 Yes . I ~,.,."JJ,.·: ~- 'n 
.. 
,j > 

171J-15-I Yes -- :::] ls<,hutvl 2.-1-<lirhlor\lplwno.x varetatc 

' ' 0.100(),1 l""'ctvl( 2-cthvllw.x vi) 2.4 -d ich lllrophenox yacetate 192R-43-4 No Yes 0 
0 

0.10()(>4 I sooct vI( 2 -ct h vl-4 -111ct h vi rent vi) 2. 4 -d ic h loror hcno.x yacetate 25168-26-7 Yes -- z 
1917-97-1 Yes -- 0 

-l 0.10005 lsooctvl( 2-llctvl) 2.4-dichlorophcnox vacetate 

94-11-1 No No D c:: 0.100()6 lsorropvl 2.4-dichlorophenoxvacetatc 

(1.\0072 Prnrvkne ~lvcol hutvlcthcr 2.4-dichlorophenoxyacetate I 320-1 R-9 Yes -- 0 
-l - tTl 

94-82-6 No Yes 
0 

O.IOSO I 4-(2.4-Dkhlorophcnow)hutyric acid 

I 043J-S9-7 No No :N 0.10~04 

. - .... . 
Sndium 4 -( 2.4-dich lornphcriox v)hutyrate 

n 
0.10SI9 Dirnct hvlatni nc 4-( 2 ,.t -d ich lnro[lhenox y)hutymte 2758-42-1 No No ::j 

tTl 
llutox \'L'than<'l 4 -(2 ,4 -dichlororhcno' v )hutvratc 32357-46-3 Yes --

1\utvl ..t-(2.-l-dkhlnrnphen<'' v\hutvr:1t~ 6753-24-R Yes --.. 
lsnnct vi -1-( 2 .. \ -<li<·hh>H>pheno\ v \hllt vrate I 320-15-<> Yes --

0.1 J.lf\ I 2 -( 2.·1- Diehl< >rPphL·nnx v)pn>pinnic ;Ki<l 120-:16-5 No Yes 

!111-!l'l .~:1404-:12-:l No No 

il.1 t .J:\.1 53404-31-2 No Nn 

2R(,] 1-])-8 No No 

(1\J :\ill 70H'\-1 'J-0 No Yes 
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Table 8-23. Status of Second Pesticide Data-Call-ln: Pesticides Suspected of Being Cont~minated with Dioxins (continued) 

Sh~ughm·ssv Support Testing 
C\xk Pesticide I Active Ingredient] CAS Nurnher Withdrawn Required 

0.1 I~ I') 1\ ICI'P. [)t\1 A I Dimethvlamine 2-(2-methvl-4-chlorophenoxy)propionate] 32351-70-5 No No 

()]'\ .1(11 11 ron1nx vn i I l.l.'\ -dihrornn--1-hvd rtl\ vhcnmn itri k I I r,XCJ-X•1-'\ .,No Ye\ 

tl-l-1'>\lt lin :tdll•" "!'"""'' I::'.::''-~ kl hvlcllchi s( .1 A .6-lrich lorophcnol) I 70-10-4 Yes --

1)-J.j<)()::' 1 k\:lL'hlnrnphL'Ill', Na s:1il I MnnL>sndiurn 2.2'-mcrhvknchis(1.4,(i-rrichlorophen~le)l 57](1-15-2 Yes --
I' .f'" . _,.,. 

(\-l.Jl\\l-1 I k'<:lL'hh~rtlphl'lll'. K s:1i1 ll'ntass ium 2. 2'-rnet hvlenchis(] .-1.6-trichlorophen:lle) I 67923-(>2-0 Yes , --

1)'\.ll)()l lrr.asan I:" -Ch ln1 ~ ,_ :.' -( ~ .·\ -dich h1r nphL·nn.\ v)phenol] 3380-34-5 No #/ Yes 

()(-,_1()().\ Tc11 :tchlnn_~_phL'Ihlls 251 (>7-~3-3 Ye\ --

06.100.~ Tcrrachlorophcrlllls. sodiurn salt 25567-55-9 Yes --

()()_1()()6 Terrachlmn_['lwnols. ;llkyJ• :nninc sait•(as in fatlY acids of coconut oil) not available Yes --

063007 Tetrachlorophenols. potassium salt 53535-27-6 Yes -· 

06420.1 llithiono\;ltc sodium I Disodiurn 2.2'-rhiohis(-1.6-dichlorophenatc)] 6385-SR-6 Yes --

064212 Phenachlor 12.4.6-Trichlorophenol] 8&.-06-2 Yes ---
Of>-1219 Potassium 2.4 .li-trich lorophenate 2591-21-1 Yes .. 

0!>-1220 2.4.6-Trichlnroph~nnl. >ndium salt 3784-0J-0 Yes --
064)0 I Phenothiazine 92-84-2 Yes .. 

07X701 Dacthal-DCI'i\ I Dimethyl tetrachloroterephthalate] I RGI-32-1 No Yes 
,,. .. 

079-101 Enuosu If an I hex ach I orohexahyd rome! hano-2. 4. J-hcnzoJ ioxath icpi n-3 -ox ide 1 115-29-7 No No 

OX2)01 Silwx 12-(2_.1.'i-trichl<ln>rhcnnxv)propionic acid] 93-72-1 Yes .. 

OX .171\ I Tctr:tchlnrvinphns 12·Chlmn-i-C_.l,'i-trichlornphenyl)vinyl dimethYl phosphalc] 9(, 1-1 1-) No Yes 

11\-lltll 1-:d.,l:m ISndiurrl I _.I','\' -I rirh l<>r< ,_ 2'- 1 2 .·1.'\ -trirh i<lr<lpl>enoxy) (,94(>2-14-2 Yes --
methanesuli'nnaniliuc] 

• • 
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Congener 

2,3, 7 ,8-TCDD 

1 ,2,3, 7,8-PeCDD 

1 ,2,3,4, 7,8-HxCDD 

1 ,2,3,6, 7,8-HxCDD 
l 

1 ,2.3, 7,8,9-HxCDD 

1 ,2,3,4,6, 7,8-HpCDD 

OCDD 

2,3, 7,8-TCDF 

1 ,2,3, 7 ,8-PeCID.F 

' 
2,3,4, 7,8-PeCDF 

1 ,2,3,4, 7 ,8-Hx~DF 

1 ,2, 3,6, 7,8-HxCDF 

1 ,2,3, 7,8,9-HxCDF 

2,3,4,6, 7 ,8-HxCDF 

1 ,2,3,4,6, 7,8-HpCOF 

1 ,2,3,4,7 ,8,9-HpCOF 

OCDF 

DRAFT--DO NOT QUOTE OR CITE 

Table 8-24. Summary of Results for COOs and CDFs in 
Technical 2,4-0 and 2,4-0 Ester Herbicides 

\ 

~~·--}o Number of Observed 
.. -:'7-t ' • tal Technicals Maximum 

EPA LOOa ' 'Number of Greater Than Concentration 
l.ud!kg) Technicals LOQ (ug/kg) 

" 0.1 8 2 0.13 

0.5 8 3 2.6 

2.5 8 0 0.81 

2.5 8 0 0.77 

' \ \ 
2.5 8 0 0.68 

100 8 0 1.5 

-- -- -- --

1 8 0 0.27 

5 8 0 0.62 

5 7 0 0.73 

25 8 0 1.6 

25 8 o--' 1.2 

25 8 0 ' 1.4 

25 .8 0 1.1 

1000 8 0 8.3 

1000 8 0 1 .2 

-- -- -- --

.. TCHALC 

. ' . 
Source: U.S. EPA Office of Pesticid~ Program file 

a Limit of quantitation required by EPA in the Data Call-In. 

Average 
Concentrationb 

(ug/kg) 

0.06 

0.78 

0.31 

'• 0.39 

0.24 

0.21 

--

0.07 

0.38 

0.07 

0.36 

0.11 

0.16 

0.14 

2.17 

0.18 

--

5.60 (0. 70 TEO) 

b Average of the mean results for multiple analyses of four technical 2,4-0 a~d/or 2,4-0 ester products for which 

c 

· detectable CDD/CDF congener concentrations less than the LOOs were quantified; not detected values were 
assumed to be zero. 

Total equals the sum of the individual congener averages. 

J.ig/kg == micrograms per kilogram. 

"··" indicates analyses not performed . 
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T:-~ble 8-25. Summzny of Analytical Data Submitted to EPA in Response to Pesticide Data Call-Ins 

Pesticide ·-. 

Shaughnessey Common Name Chemical Name 
Code 

019201 MCPB, 4-butyric acid 4-( 2 -methyl-4-chlorophenoxy)butyric acid 

019401 4-CPA 4-Chlorophenoxyacetic acid 

027401 Cichlobenil 2, 6-Dich lorobenzonitrile 

029801 Dicamba 3,6-Dichloro-o-anisic acid 

029802 Dicamba, dimethylamine 3,6-0ichloro-o-anisic acid, dimethylamine salt 

030001 2,4-D 2,4-Dichlorophenoxy acetic acid 

030063 2,4-D, 2EH lsooctyl ( 2 -ethylhexyl) 2, 4-dich lorophenoxyacetate 

030801 2.4-DB 4-( 2,4-Dichlorophenoxy) butyric acid 

031301 DCNA 2. 6- Dichlara-4-nitraaniline 

031401 2.4-DP 2-(2,4-Dichlorophenoxy)propionic acid 

031501 Mecoprop (MCPP) 2 -( 2-methyl-4-ch lorophenoxy) propionic acid 

035301 Bromoxynil 3, 5-Dibromo-4-hydroxybenzonitrile ~ 

054901 lrgasan 5-Chloro-2-(2,4-dichlorophenoxy)phenol 

078701 Dacthal (DCPA) Dimethyl tetrachloroterephthalate 

081901 Chlorothalonil T etrach loroisophth alonitrile 

083701 Tetrachlorvinphos 2-Chloro-1-( 2,4, 5-trichlorophenyl)vinyl dimethyl phosphate 

108201 Oiflubenzuron N- ( ( ( 4-chlorophenyl) amino) carbonyl)-2, 6-difluorobenzamide 

109001 Oxadiazon 2-T ert-butyl-4 ( 2 ,4-dich I oro· 5- isopropoxyphenyl)-delta2-1 , 3 .4-oxadiazoline-5-one 

110902 Dichlofop-methyl Methyl-2-(4-(2,4-dichlorophenoxy}phenoxy} propanoate 

Source: U,S. EPA ( 1995a); personal communicotion with S. Funk (EPA/OPP/HED) on March 27, 1996. 

" "Posit'1ve" ·Is del"med as the det~ction of any congener at a concentration greater than or exceeding the LOGs listed in Table 8-24 

Number of 
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To-Date 
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0 
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1,2.3,7,8-PeCDD 

I ,2,3,4, 7,8-HxCDD 

1,2,3,6.7.8-HxCqo 

1,2,3,7,8,9-HxCDD 

I ,2,3,4,6,7,8-HpCDD 

1,2,3,4,6,7,8,9-0CDD 

2,3,7,8-TCDF 

! 1,2,3,7,8-PeCDF 

2,3,4,7,8-PeCDF 

I ,2,3,4,7,8-HxCDF 

1,2,3,6,7,8-HxCDF 

I ,2,3, 7 ,8,9-HxCDF 

2,3,4,6,7,8-HxCDF 

I ,2,3,4,6,7,8-HpCDF 

1,2,3,4,7,8,9-HpCDF 

1,2,3,4,6, 7,8,9-0CDF 

DRAFT--DO NOT QUOTE OR CITE 

Ratio (mean congener cone. I mean total 2378-CDD/CDF cone.) 
0 0.1 0.2 0.3 0.4 

Source: Bued on mun conccntnlions reported in TUlle 8-14; nondc!ccu set equ31 to zero. 

Figure 8-5. Congener Profile for 2,4-D (salts and esters) 
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Table 8-26. CDD/CDF Concentrations in Samples of 2,4-D and Pesticide Formulations Containing 2,4-0 

Acbar Super Amco Super 
(Gaza City•} (Gaza City •} 

Conqener/Conqener Group (jiQ/k(J} (li(J/kg} 

2.3. 7.8-TCOO NO 10.1) NO (0.1) 
1 .2.3. 7,8-PeCOD 0.1 ND (0.1) 
1. 2. 3,4, 7. 8-HxCDO NO 10.1) ND (0.1) 
1 ,2,3,6, 7 ,8-HxCOO ND 10.1) 0.2 
1,2,3,7,8,9-HxCDO NO 10.1) ND (0.11 
1.2.3.4,6,7,8-HrCOO 0.1 1.2 
OCDD 0.1 2.6 

2,3,7.8-TCOF 0.3 ND (0.1) 
1 .2.3,7,8-11 ,2,3,4,8-PeCOF NO (0.1) 0.2 
2,3,4. 7,8-PeCOF NO 10.1) NO (0.1) 
1 .2, 3, 4, 7,8-/1 ,2, 3,4, 7, 9-HxCOF NO 10.1) 0.1 
1 ,2,3.6,7,8-HxCOF NO 10.1} NO (0.1) 
1,2.3.7,8,9-HxCOF NO 10.1) NO (0.1) 
2, 3,4, 6, 7 ,8-HxCDF NO 10.1) NO 10.1) 
1 ,2,3,4,6. 7.8-HpCDF 0.1 0.8 
1. 2, 3,4, 7 ,8, 9-HpCDF NO (0.1) NO 10.1) 
OCOF 0.2 3.8 

To\<1\ 2,3,7 ,8-COD IND "' Ol 0.3 4 
Totill 2.3,7,8-COF (NO "" 0) 0.6 4.9 
Tot<ll TEO (NO = 0) 0.082 0.066 
Tot;~l TEO (NO = 1/2 del. limit) 0.195 0.197 

Total TCOO -- --
Total PeCOO -- --
Total HxCOO -- -· 
Total HpCOD -- --
Total OCDD -- -· 
Total TCDF -- -· 
Total PeCOF -- -· 
Total HxCOF -- --
Total HpCOF -- --
Totill OCDF -- --
Total CDD/CDf' -- --

• 2,4-0 manufactured in Europe and packaged in Palestine. 
-- = Not reported. 

1,g/kg = microarams per kiloaram. 

Source: Schecter et at. ( 1997) 

Chimprom 
!Bethlehem} • (Russia} 

ltlg/kg} (jlg/kg) 

ND (0.1) ND (0.02) 
1.2 0.03 

ND (0.1) 0.02 
0.6 0.05 
0.4 NO 10.02) 
0.3 0.23 
0.1 0.85 

ND (0.1) NO (0.1) 
0.7 1.2 
0.1 0.06 
0.4 0.08 
0.1 0.11 

NO (0.1) ND (0.02} 
0.1 0.05 
0.1 0.24 

NO (0.1} 0.02 
0.4 0.46 

2.6 1 '18 
1.9 2.22 

0.850 0.142 
0.915 0.159 

-· --
-- --
-- --
-· --
-· --
-· --
-- --
-· --
-- --
.. --
.. --

Dragon Pro Care Ortho 
lawn Weed KGRO Premium Weed-8-Gone Sigma Co. 

Killer (U.S.} (U.S.} (U.S.} IU.S.} 
111()/k(l) (jl<Jlkg) (jlg/kg) il"gikg) 11-'gikg) 

NO (0.001} -- -- -- --
0.0014 -- -- -- --

NO (0.001 l -- -- -- --
0.0024 -- -- -- --
0.0010 -- -- -- --
0.0017 -- -- -- --
0.0063 -- -- -- --

" ·.t':-0.0036 -- -- -- .. 
0.0010 -- -- -- " --
0.0011 -- -- -- ,_/ --
0.0013 -- -- -- --

NO 10.001) -- -- -- --
NO (0.001} -- -- -- --

0.0011 -- -- -- --
0.0016 -- -- -- --

NO (0.001} -- -- -- --
0.0039 -- -- -- --
0.0128 0.0144 0.0143 0.0091 0.127 
0.0136 0.1628 - 0.4253 0.1095 3.0507 
0.0023 0.0009 0.0012 0.0014 0.0013 
0.0029 0.0016 0.0018 0.0029 0.0040 

-- -- -- -- --
-- -- -- -- --
·- -- -- -- --
.. -- -- -- --
-- -- -- -- --
-- -- -- -- --
-- -- ·•'·· -- --
-- -- -- -- --

-- -- -- -- --
-- -- -- -- --

-- -- -- -- --

American 
Brand 

Chemical Co. 
IU.S.} 

il'gl~g) 

--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--

0.0278 
0.0822 
0.0019 
0.0046 

--
--
--
--
--
--
--
--
--
--
--
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Table 8-27. Mean CDD/CDF Measurements in Effluents from Nine U.S. POTWs 

Range of Detected 
Concentrations 

Range of (POTW mean basis) .. 
Congener/Congener NO.. Detection 

:v~-, Minimu Maximum Group Detestions, Limits 
No,. Si!mpleg., ' m Detected 

Detecte Cone. . d (pg/L) 

;r Cone. 
(pg/L) 

2,3, 7,8-TCDD 0/30 0.31 - 8.8 nd nd 
1 ,2,3, 7 ,8-PeCDD. 0/30 0.45 - 15 nd nd 
1 ,2,3,4, 7,8-HxCDD 0!30 0.43- 9.8 nd nd 
1 ,2,3,6,7,8-HxCDD 0/30 0.81 - 10 nd nd 
1 ,?,3, 7,8,9-HxCDD 0/30 0.42- 9.7 ~C\ nd 
1 ,.2,3,4,6, 7 ,8-HpCDD 3/30 0.75. 18 

\ 
nd 5.0 

OCDD 13/30 6.2- 57 nd 99.75 

2,3, 7,8-TCDF 1/27 0.74-4.4 nd 1.3 
1,2,3,7,8-PeCDF 1/30 0.64. 9.4 nd 2.0 
2,3,4, 7 ,8-PeCDF 1/30 0.61 - 14 nd 2.8 
1 ,2,3,4, 7,8-HxCDF 1/30 0.25- 6.8 nd 2.4 
1 ,2,3,6, 7 ,8-HxCDF 1/30 0.23- 6.8 nd 1.5 
1 ,2,3, 7,8,9-HxCDF 1/30 0.57- 10 nd 2.0 
2,3,4,6, 7 ,8-HxCDF 1/30 0.25- 7.9 nd nd 
1 ,2,3,4,6, 7,8-HpCDF 2!30 0.36- 6.9 nd 4.6 
1 ,2,3,4, 7 ,8,9-HpCDF 0/30 0.19-i1 nd nd 
OCDF 1/30 0.86- 28 nd 3.2 

Total 2,3, 7,8-CDD nd 99.75 
Total 2,3,7,8-CDF nd 16.6 
Total TEO nd 2.32 

Total TCDD 4/27 1.2- 8.8 nd 9.7 
Total PeCDD 0/27 0.62. 200 nd nd 
Total HxCDD 1/30 0.84 - 11 nd 1.7 
Total HpCDD 3!30. 0.75-18 nd 8.4 
Total OCDD 13/30 6.2- 57 nd 99.75 
Total TCDF 2/30 0.39- 6.8 nd 25.0 
Total PeCDF 1/30 0.64- 25 nd 20.0 
Total HxCDF 1/30 0.93- 17 nd 13.0 
Total HpCDF 2/30 0.36 - 19 nd 4.6 
Total OCDF 1/30 0.86- 28 nd 3.2 

Total CDD/CDF nd 99.75 

nd = not detected. 
• = The "overall means" arfi the means of the individual POTW mean concentrations. 
pg/L = picograms per liter. 

Source: California Regional Water Quality Control Board ( 1996) . 

Overall Means • 

Mean Mean 
Cone. Cone. 

(ND=O) (NO= 1/20 
(pg/L) L) 

(pg/L) 

0.00 0.98 
0.00 1.32 
0.00 1.38 

•. 0.00 1.42 
0.00 1.31 
1.06 3.61 

29.51 37.95 

0.14 0.98 
0.22 1.58 
0.31 1.68 
0.27 1.22 
0.17 0.97 
0.22 1.72 
0.00 0.93 
0.68 1.83 
0.00 1.18 
0.36 3.40 

30.57 47.98 
2.37 15.49 
0.29 3.66 

1.23 2.61 
0.00 6.27 
0.19 1.93 
1.83 4.77 

29.51 37.95 
6.61 7.70 
2.22 4.72 
1.44 3.43 
0.68 2.41 
0.36 3.40 

42.00 71.96 



Table 8-28. CDD/CDF Concentrations Measured in EPA's National Sewage Sludge Survey 

Maximum Median Concentration {ng/kg) Mean Concentration {ng/kg) 
Percent Concentration 

Congener Detected {ng/kg) Nondetects Nondetects Nondetects Nondetects 
Set to Set to Set to Set to 

Det. Limit Zero Det. limit Zero 

2,3,7,8-TCDD 16 116 6.86 0 NR '· NR 
1 ,2,3,7,8-PeCDD 18 736 9.84 0 NR .NR 
1 ,2,3,4, 7,8-HxCDD 25 737 22.5 0 NR .... ~lR{,.,." 
1 ,2,3,6, 7,8-HxCDD 49 737 27.3 0 NR .- NR· 
1 ,2,3,7,8,9-HxCDD 39 737 28.0 0 NR ~y 
1 ,2,3,4,6,7,8-HpCDD 98 52,500 335 335 NR NR 
OCDD 100 905,000 3,320 3,320 NR NR 

2,3, 7,8- TCDF 65 337 17.0 3.90 NR NR 
1 ,2,3, 7,8-PeCDF 22 736 9.60 0 NR NR 
2,3,4-,7 .13-PeCDF 26 736 10.4 0 NR NR 
1 ,2,3,4, 7,8-HxCDF 43 1,500 28.0 0 NR NR 
1 ,2,3,6,7 ,8-HxCOF 35 737 18.0 0 NR NR 
1 ,2,3, 7,8,9-HxCDF 16 1,260 18.0 0 NR NR -2,3,4,6, 7,8-HxCDF 27 737 18.0 0 NR NR 
1, 2, 3,4, 6, 7, 8-HpCDF 71 7,100 57.0 36.0 -·- NR NR 
1 ,2,3,4, 7,8,9-HpCDF 26 842 23.0 0 NR NR 
OCDF 80 69,500 110 80.0 NR NR 

Total TEO 1,820 50.4 11.2 86* 50* 

Total 2,3,7,8-CDD/CDF NR NR NR NR NR 

,., 

Source: U.S. EPA { 1996a); for POTWs with multiple samples, the pollutant concentrations were averaged before the summary statistics presented in the 

table were calculated. All concentrations are in units of ng/kg dry weight. 

NR = Not reported. 
* =Values presented by Rubin and White {1992) fqr 175 rather than 174 POTWs. 

J> ng/kg = nanograms per kilogram. 
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Table 8~29. CDD/CDF Concentration.~~Measured in 99 Sludges Collected from 75 U.S. POTWs During 1994 

Maximum 
Concentration Median Concentration {ng/kg) Mean Concentration {ng/kg) 

Percent Detected Nondetects Nondetects Nondetects Nondetects 
Congener Detected {ng/kg) Set to Set to Set to Set to 

Det. Limit Zero Det. Limit 1 .. , Zero 1 

2,3.7,8-TCDD 40 12.3 ' 1.95 0 2.72 {2.40) 1\71 (2.86) 
1 ,2,3, 7 ,8-PeCDD 23 37.5. 8.23 0 10.9 (7.80) ~,:34.(7~43) 
1,2,3,4, 7 ,8-HxCDD 34 45.6 5.25 0 11.1 (8. 13) -6.03\(10.21 
1 ,2,3,6,7,8-HxCDD 87 130 25.6 24.7 33.8 {27.6) M't28.8) 
1.2.3. 7.8.9-HxCDD 64 88.8 12.3 9.48 20.2 (17.7) 17.0 (19.8) 
1 .2,3.4.6. 7 ,8-HpCDD 98 5,380 642 642 981 (977) 981 (977) 
OCDD 99 65,500 6,630 6,630 11,890 ( 12,540) 11,890(12,540) 

2.3. 7,8- TCDF 76 156 7.53 6.28 12.8 {19.6) 11.1 (20.2) 
1,2,3,7.8-PeCDF 21 60.3 7.91 0 10.7 (11.3) 3.53 (9.36) 
2.3.4,7,8-PeCDF 42 155 9.70 0 15.7 ( 19.8) 10.5(21.6) 
1,2,3.4. 7 .8-HxCDF 48 170 11 .5 0 20.4 (25.3) 14.0 (25.9) 
1,2,3.6,7.8-HxCDF 17 200 14.0 0 -30.4 (53.6) 5.13 (21.9) 
1 .2,3. 7,8,9-HxCDF 4 115 7.53 0 _11.1 {13.6) 1.56 ( 11. 7) 
2,3,4,6, 7 ,8-HxCDF 35 356 9.85 0 -21 .8 (40.4) 13.6(41.0) 
1.2,3,4,6, 7,8-HpCDF 64 1.460 91.7 31 .8 223(271) 97.5 (207) 
1,2,3.4. 7.8.9-HpCDF 31 213 11.7 0 27.1 {34.8) 15.0 (33.4) 

OCDF 93 11,200 286 281 78611,503) 775 11.506) 

Toti'll TEO lf<1cility basis) 7 246 49.1 30.0 64.6 \50.6) 47.7 145.0) 

Total 2,3,7,8-CDD/CDF 73,520 7,916 7,881 14,110!14,390) 13,880 114.200) 

Source: Green et a!. ( 1995); Cramer et al. { 1995). 

1 Values in parentheses are standard deviations. 
2 For POTWs with multiple samples, the sample TEO concentrations were averaged by Green et al. { 1995) to POTW averag,es before calculation of the total 
TEO mean and median values presented in the table. 
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2,3,7,8-TCDD 

1,2,3,7,8-PcCDD 

I ,2,3,4,7 ,8-HxCDD 
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Ratio (mean congener cone. 1 total 2378-CDD/CDF COttc.) 
0.2 0.3 DA 0.~ 0.6 0.7 0.1 0.8 0.9 

I I. 

Ratio (mean congener cone. I totAl 2378-CDD/CDF cone.) 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

1,2,3,4,6,7,8,9-0CDD 

2,3,7,8-TCDF 

~~~2,~u~,~~~~~:liillmllllllll~ll~llllm·~~·r~~"':~~,,~~~~,~~~~~J~~:·IIIIIIIIIIIIIIIIIIII 

1,2,3 ,7 ,8-PcCDF 

2,3,4,7,8-PeCDF 

1,2,3,4,7,8-HxCDF 

1,2,3,6,7,8-HxCDF 

1,2,3,7,8,9-HxCDF 

2,3,4,6, 7 ,8-HxCDF 

1,2,3 ,4,6, 7 ,8-HpCDF 

1,2,3,4,7,8,9-HpCDF 

1,2,3,4,6,7,8,9-0CDF ~ 

Figure 8-6. Congener Profiles for Sewage Sludge 
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Table 8-30. Quantity of Sewage Sludge Disposed Annually by Primary, Secondary, 
or Advanced Treatment POTWs and Potential Dioxin TEO Releases 

.j 

' ':l-. 

· <~ol~1e Disposed (thousands Percent of Potential Dioxin 
" 

· of dry metric tons/year) Total Releasee 

Use/Disposal Practice Volume (g of TEG/yr) 
;( 

Land Application 1 '714 32.0" 85.7 

Distribution and Marketing 71 1.3 3.6, 

Surface Disposal Site/Other 396 7.4 19.8 

Sewage Sludge Landfill 157 2.9 .. 7.8 
~ \ 

Co-Disposal Landfills 3 1 ,819 \ 
33.9 91.0 

Sludge Incinerators and Co-
lncineratorsb 865 16.1 (fl 

Ocean Disposal (336)d (6.3)d (O)d 

TOTAL ., 5,357 100.0 207.9 

Landfills used for disposal of sewage sludge and solid waste residuals. 
Co-incinerators treat sewage sludge in combination with other combustible waste materials. 
Potential dioxin TEO release for nonincinerated sludges was estimated by multiplying the sludge volume 
generated (i.e., column 2) by the average of the median dioxin TEO concentrations in sludge reported by 
Rubin and White ( 1992) (i.e., 50.4-ng/kg dry weight) and Green et al. ( 1995) and Cramer et al. ( 1995) 
(i.e., 49. 1-ng TEO/kg). 
The Ocean Dumpif'1g Ban Act of 1988 generally prohibited the dumping of sewage sludge into the ocean 
after December 31, 1991. Ocean dumping of sewage sludge ended in June 1992 (Federal Register, 
1993b). The current method of disposal of the 336,000 metric tons of sewage sludge that were 
disposed in the oceans in 1988 has not been determined. 
Includes 21.9 percent applied to agricultural land, 2.8 percent applied as compost, 0.6 percent applied t9 
forestry land, 3.1 percent applied to "public contact" land, 1.2 percent applied to reclamation sites, and 
2.4 percent applied in undefined settings. 

See Section 3.6.5 for estimates of CDD/CDF releases to air from sewage sludge incinerators. 

Sources: Federal Register (1990); Federal Register (1993b); Rubin and White (1992); Green et al. (1995); 
Cramer et al. (1995). 
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Table 8-31. COO/COF Concentrations in Swedish Liquid Soap, Tall Oil, and Tall Resin 

., Liquid Soap 
Congener/Congener Group ~. (ng/L) 

' 2,3, 7,8-TCOO ,r-""5"-t...., ). NO (0.009) 
' 1 ,2,3, 7 ,8-PeCOO 0.400 

1 ,2,3,4, 7,8-HxCOO NO (0.020) 
1 ,2,3,6, 7 ,8-HxCOO 0.320 
1 ,2,3, 7 ,8,9-HxCOO 0.180 
1 ,2,3,4,6, 7,8-HpCOO 1.900 
OCDO 1.000 

2,3, 7,8-TCOF 0.620 
1 ,2,3,4,8-!1 ,2,3,7,8-PeCDF 0.290 
2,3,4, 7,8-PeCOF 0.200\ 
1 ,2,3,4, 7 ,8/9-HxCOF 0.013 
1 ,2,3,6, 7,8-HxCOF NO 10.004) 
1 ,2,3, 7,8,9-HxCOF NO (0.004) 
2,3,4,6, 7 ,8-HxCOF ND (0.004) 
1 ,2,3,4,6, 7,8-HpCOF NO (0.005) 
1 ,2,3,4, 7 ,8,9-HpCDF ND (0.010) 
OCDF NA 

Total 2,3,7,8-COD 3.8 
Total 2,3,7,8-COF 1.123 
Total TEO 0.447 

Total TCOO 0.120 
Total PeCOO 15.000 
Total HxCOO 3.400 
Total HpCOO 3.600 
Total OCOD 1.000 
Total TCOF 1.000 
Total PeCDF 1.300 
Total HxCOF 0.150 
Total HpCOF NO (0.01 0) 
Total OCOF NA 

Total COD/COF 25.57 

Source: Rappe et al. ( 1990c). 

NO = Nondetected; value in parenthesis is the detection limit. 
NA = Not analyzed. 

= Not reported. 
ng/kg = nanograms per kilogram. 
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Tall Oil Tall Resin 
(ng/kg) (ng/kg) 

3.6 ND (1) 
5.3 3.1 

NO (2) NO (4) 
ND (2) 810 
ND (2) 500 
ND (1) 5,900 

5.3 6,000 

17 ND (2) 
4:'2 ND (0.4) 

I \ 1.9 NO (0.5) 
1.4 24 
0.7 --

NO (0.7) ND (1) 
ND (0.5) NO (0.7) 
NO {0.8) 10 

ND (2) 9.0 
NA NA 

14.2 13213.1 
25.2 43 

9.5 200 

31 ND (1) 
380 25 
3.3 6,800 

ND (1) 11,000 
5.3 . 6,000 
26 NO (2) 
41 NO (0.5) 

4.9 56 
ND (2) 19 

NA NA 

491.5 23,900 
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Dioxin From Cradle to Grave- Summary of Findings 

Wnllen by Joe Thornton 

Apn! 1991 

reports 

Th.: purpn:.;e ofthi:.; rcpot1 i:.; to show that the likcyck of polyvinyl chloride plastic. also 
knm1 n a:.; PVC or vinyl. is a major source of dio:\in pollution. \\"hen PVC is 
manufactured. di:.;posed of by incineration. burned accidentally. or 11 hen products 
Ctlntaining PVC (usually as a coating or covering on a metal product) arc rccyckd in 
combu:.;titln-bascd proce:.;ses. large quantities of dio:\in arc formed. In fact. P\"C is a 
major chlorine donor-- and thus a significant cause of dioxin generation-- in a 
large percentage of identified dioxin sources. There are strong grounds for holding 
PVC rc:.;ponsibk for a substantial and gro11 ing propor1ion of global dim in production 
and reka:.;c. Fortunately. cleaner substitutes e:\ist for almo:.;t all uses of PVC. 

Dioxin is a Global Health Risk 

Dio:\in and clio:\in-like compounds arc a family ofto:\ic substances produced 
accidentally in a host of industrial processes involving chlorine or chlorine-based 
chemical:.;. These compounds are e:\tremely long-lived in the environment. and. bc:causc: 
they· are fat soluble. they concentrate in the tissues of humans and other species high on 
the food chain. Since the ad1ent of the modern chemical industr:. dio\ins ha1 e 
gmdually accumulated on a truly global basis-- from the local farm to the deep oce-ans. 
from the Gulf of ivk:-;ico to the North Pole. Ever;· person is 11011 e:\posed to significant 
amounts of dim ins. primarily through the food supply. Even larger quantities of dio:-;in 
arc: passed from one generation to the ne:\t via mothers' milk and across the placenta. 

Evidence gathered in the last decade, much of it presented in the U.S. 
Environmental Protection Agency's (EPA) "Dioxin Reassessment," indicates that 
global dioxin contamination poses a long-term threat to the health of the general 
human population. Ofpar1icular concern is the ability of tiny doses ofdio:\in to 
interfere 11 ith the body's hormones which could lead to a 11 ide 1·aricty of effects on 
reproduction. child development. and the immune system. as 11ell as cancer. Wildlife 
populations-- fish. birds. and marine: mammals-- have already been severely affected by 
clio:\ in pollution. In the human population. dio:\in e:-;posure may already have pia; eel a 
role in the incidence of cancer. endometriosis. cognitive deficits in den:loping children. 
and other conditions and diseases. 

We do not know the extent to which dioxin exposure has already affected human 
health on a global scale, but we know with certainty that universal exposure to 
these chemicals represents a risk to public health. Any increase in e\posure 11ill 
increase that risk. Because dio:\in is so persistent in the en1 ironment. continued 
discharges 11 ill add to the global dim in burden, increasing the threat to public health. 
We must bring dio:\in creation and releases to zero as quickly as possible. 11 ith priority 
gi~t~n to the largest clio.-xin sources. 

Dioxin Sources 

There are two ways to characterize dioxin sources: we can focus on the facilities 
that release dioxin into the environment, or we can identify the materials that cause 
industrial and natural processes to produce dioxin in the first place. EPA and others 
havt' used the first method to identify the major dioxin sources in the L'.S. and other 
nations. f\11 of these inH:ntoric:s note that incinerators and other combustion sources arc 
the larg..:st sources of dio.\in: garbage incinerators. medical 11aste incin.:rators. 
incin..:rators and cement kilns that burn industrial hazardous waste. metals smelters. and 
other combustion proc.;:ss..:s account for over 90 percent of dioxins and furans ent..:ring 
the em ironment from kno1vn sources. Pulp and paper mills that usc chlorine-based 
bleaches <llld manui~JCturers of chlorinated organic chemicals arc the t110 most important 
dio.-xin sources not related to combustion. 
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\\'ith this approach. EPA has offered a preliminary characterization of dioxin 
discharge points, but the resulting list of sources is long, diHrse, and confusing. The 
ch.:mi.:al industr: ha~ used this list of dioxin sources to argue that a dioxin curtailment 
~trat.:gy would require :1 b:zantine s.:t ofn::gulations addressing 1 inually .:n::r: industrial 
acti1it; and combustion process. tvlany dioxin sources. ho11evcr. can be tied together by 
the chlorine-containing kcdstocks they share. The superior approach. thus. emphasizes 
the· materials that cau~.: dioxin formation in di1erse processes. It turns out that four 
produ.:ts -- PVC rla~tic. chlorinated ~olvents. chlorinated pesticides. and chlorinL' 
bkachL'd paper-- ar.: tilL' nw_inr causes of dioxin rekases from almo~t all oftht:: sources 
id.:ntili.:d by the 1 a1·ic~us ill\cntories. 

EPA's current method of idcntit)·ing dioxin sour.:es does not point to clear strategies to 
rrL'\ .:nt dioxin polluti,~n. Focusing on discharge points leads to an emphasis on better 
management and contrnl technologies for each dioxin discharger. These technologic:s are 
t:pi.:ally very e:-;pcnsi1c. cannot eliminate all dioxins. and thus perpetuate dio:-;in 
contamination of air. 11:11er. or Janel. In contrast, the materials-based approach 
focuses on those substances that, ,,·hen introduced into industrial or other 
processes, cause dioxin formation. By avoiding the production of these materials, 
we can prHent virtually all dioxin generation. 

In general. the cause of dioxin formation is the material that supplies chlorine for 
incorporation intn dicnin. Dio:-;in formation requires only three things: a source of 
chlnrine. a source of organic matter. and a reacti1e cn1ironrnent in 11hich these materials 
can combine. The latta t110 an: ubiquitous: synthetic chlorine production is the uniquely 
prL'Ientable factor in clio.\ in gt'ncration. In 1 irtually all dio:-;in sources. the chlorine donor 
is a material -- a plastic. soil ent. bleach. or pesticide. for instance-- that has been 
produced by the chcmiL·al industry.' 

i'vlost studies in labormory. pilot scale. and full-scale incinerators confirm this 1 iew: 
reducing the input of PVC and other chlorinated organic chemicals to incinerators 
reduces dioxin formation. While a fe11 studies have found no such relationship. the 
11·eight of the e1 icknce from these studies conllrms that reducing chlorine input in 
incineration ll'ill decrease dio\in output. 

PVC and Dioxin 

Dio.\ins art" producc~d throughout the lifccycle of PVC plastic. PVC manufacture begins 
11 hen chlorine gas is produced by the energy-intensi\·e ekctrolysis of brine. a process in 
11hich dioxin is formed. Next. chlorine is combined 1\ith eth) lene to produce eth) kne 
dichloride (EDC). In this process. large quantities of dio:-;in are formed. Some portion of 
these d io.\ ins are released in air emissions and 11 astc\\ ater discharges. Samples taken 
dtmnstrcam from EDC manufacturers in the U.S. and Europe indicate significant 
contamination of sediment and the food chain in the vicinity of these plants. The largest 
quantities of dioxin are directcd into tht: \\astcs or tars that result from EDC synthesis. 
according to Europcan studies. Greenpt:ace analyses at U.S. chemical facilities indicates 
that the 1\astes from this process are among the most dioxin-contaminated \lastes 
kno11n. These chlorine-rich 11astes are typically incinerated. producing and releasing 
dioxins into the em ironment. 

EDC is then conn:rtt:d into Yinyl chloride monomer (VCM). ll'hich is polymerized. 
forrnulatcd. and fonned into a llnal PVC-containing product. After PVC products are 
sold. they produce dio\ins if they encounter reactive conditions. as the: do \I hen a 
building or vehicle burns in an accidental fire. Ath:r their useful lifetime. PVC products 
that arc incinerated or sc:ne as coatings or co1erings on metals recycled in smelters 
create additional cliO\ins. Incinerators and smelters in 11hich PVC is burned are among 
the most important clio\ in sources yet identified. :vJore than I billion pounds of PVC 
may be: burned in LJ.S. trash and medical 11ast<:: incinerators and in accidental structural 
I! res each year. The unkno11n quantities of PVC burned in industrial and 1\arehouse 
lircs. automobile tires. metals smelters. and 1100d combustion add to this total. 

The likcyclc of PVC plastic may thus be the cause of more dio.\in formation than that of 
any othcr single material. Sources in\\ hich PVC is a major chlorine donor account for a 
signillcant proportion of the ickntilied dioxin emissions in the EP:\'s imentof). PVC is 
a signilicant. and sometimes predominant. chlorine donor in most of the major dio:-;in 
sources. including municipal 11astc incinerators. medical 11aste incinerators. smelters for 
copper ~llld accidentallircs and open 11astc burning. Wastes from PVC production art: 
imrortant chlorine donors in hazardous 11·aste incinerators. and PVC is an important 
chlorine donor in 11 nod combustion. 
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T\c'ari) -IO'l-;, of all th~ c'hlorine produced by the chemical industry is used in PVC so it is 
tHlt surprising that PVC is a significant chlorine source in so many dioxin producing 
pnKc'sscs. P\'C is also an unusually fast-growing dioxin source. \Yhile production of 
many other chlorinated compounds is declining and others hold steady, U.S. and 
''orld,,idc production of PVC and its feedstocks is rapidly growing, both for use in 
the li.S. and for export. primarily to developing nations. Finally. a certain pacentage 
\>f l\>t1gcr li\\.:d P\'C pr\>ducts (e.g .. construction materials) 11ill be reaching the end of 
their usci'ul li1 cs in the coming years. If burned. these PVC stocks may kad to a ne\\· 
inll\1\ of dic>xin pollutiPn. 

Recommendations 

The' health risk fl\JSecl b;. dioxin calls for immediate action. As a major cause of dioxin 
pt>llution and 11l1111erotb other em iron mental impacts. PVC must be a priority in any 
dio' in pre1 cnt ion program. Green peace recommends the folio\\ ing e kments of a 
m;lterials-hascd dioxin prevention strateg: for PVC: 

I. Prevent PVC -Relatecl Dioxin Pollution 

EP.·\ should announce a PVC sunset program. the inknt of 11 hich is to progressiwly 
reduce the production and usc of PVC in the U.S. to zero. Priority should be given to 
those usc sectors that cause the most dio:-;in formation during their lifecyck (e.g .. those 
most like!: to be incinerated or involved in fires) or are most easily replaced 11ith safer. 
chlc>rint'·frcc substitutes. Spccitic action should include: 

A moratorium on permits for nnv production facilities/expansions for EDC. 
\'Cl\1. and PVC and modification of permits at existing plants to require that 
dioxin releases to all media. including wastes destined for disposal. be brought 
to zero\\ ithin 5 years. 

A moratorium on permits for ne11 incinerators and other 11·aste combustion 
facilities. and modification of existing permits to require that dioxin emissions 
to all media to be brought to zero 1vithin 5 years by eliminating the input of 
chlorinated 11 astes and product. 

• A phasc-out of medical waste and municipal solid \laste incineration. 

Rapid phase-outs of: 
all short-lit'c PVC uses (packaging. toys. IV-bags. etc.): 
PVC products in areas susceptible to fire (construction materials. PVC 
coated cables. appliances. and vehicles): and 
recycling of metals containing PVC residues in combustion-based 
processes (i.e .. electrical cables. automobiles). 

2. Acknowledge and Investigate the Role of PVC in Dioxin Formation 

First. EPA must ackno\\ ledge the important role of PVC in dioxin formation. Since at 
least 1990. EPA has had information that the incineration and manufacture of PVC 
produce dio.\ins. Since 1993. extensive information on these subjects has been submitted 
to the agency. 1\:e\ erthckss. EPA has failed to acknO\vledge or substantively investigate 
the critical role of PVC as a chlorine donor in major dio.\in sources. 

EPA has made no attcmpt to collect or analyze samples of\\aste. 11aste1vater. or air 
emissions from the nation's 14 EDC/VCM facilities or the incinerators that burn vvastes 
from thcsc plants. Instead. the EPA is allowing the industry trade organization. the Vinyl 
Institute. to' oluntarily "self-characterize" the industry's dioxin emissions. The industry 
\\ill collect sampks from its ov1n plants, analyze their dioxin content. interpret the data, 
and submit it to EPA. Although therc is a "peer review" committee to examine the 
mc:thodolog: and results of the vinyl industry's self-characterization. the industry v1ill 
ultimate:!: choose 11 here. \I hen. and how samples 11 ill b..: taken and analyzed. and \\hich 
data arc suitable for submission. By the time the agency's reassessment is finalized. the 
industr; i,; C\pcctec.l to ha1 c only submitted data to EPA on dioxin contamination of 
1\aStCIIatcr and rc;,ins -- thc tv1o media with the lmvcst and most difticult to detect 
concentrations of c.lio\ins -·but no data on dioxins in \I asks. tars. sludges: or incinerator 
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t'missilllb. ash<:s. or sludg<:s. which. c\ircctly or indirectly. arc responsibk for the 1ast 
majorit~ of dio~in emissions. 

3. Focus Dioxin Policy on Materials 

Page 4 of 5 

EPA slwuld reorient its dio~in research and policy tm1ards pollution pre1cntion. This 
rc·quir.:s a rundamcntal shift away from the agency's current relianc<: on pollution control 
techniques for managing dio.\in sources. The agency should establish a goal of zero 
din.\ in di:<L·h;u·gcs tn all c111 irnnmcntalmedia and rocus on rt·ducing the production and 
usc ol'm;Hel·iab that c;n~,;c dio.\in generation during their likc;ck. Research on dio\in 
snu1·ccs should also be rcnricnted to emphasize the identillcation ofdio.\in-producing 
materials . 

.t. Address Environmental Justice Concerns Associated with the P\'C Lifecyclc 

l'nllution associated 11i1h the lifccycle ofi'VC has a disproportionate effect onlo\\
incomc and minorit:· communities. Incinerators 11 here municipal. medical. and 
hazardous "astes rich in PVC and its b) -products are burned tend to be locatt·d more 
p1·cdomin:mtly in African-American. Latino. and Nati1e American communities. A 
simila1· pattern holds true for the manufacture of PVC. as 11t:ll. There are 14 l'.S 
I:Kilitie~. mostly located in the: Gulf Coast of Louisiana and Te:\as. that produce ethylene 
dichlorick and/or 1 inyl chloride monomer feedstocks for PVC. The mean perl·cntage of 
"non-11·hite" residents in these communities is 57 percent higher than the national 
m crag.:. a preliminary analysis of census data indicates. 

Pollution caused b~ PVC production and disposal is thus an environmental justice issue. 
EPA should apply its en1ironmcntal justice policy to investigate and initiate action to 
pre1 ent dio\in formation during the lifecycle of PVC plastic. President Clinton's 
b~cuti1 e Order 12898 on Environmental Justice requires that the agenc: irnpro1e 
"r.:search relating to the health and environment of mino1·ity populations" and reduce 
pollution in thes.: communitit:s. 

5. Ensure :1 Just Transition 

An~ plan to protect health and the environment from dio~in sources- including a PVC 
sunset program-- must pre1·ent or compensate for the economic and social dislocation 
that results. A ta.\ on the production of EDCIVCM 11ould help to drive the transition 
a\\ ay from PVC and finance the costs associated 11 ith it. The revenues from such a ta:\ 

could be used for transitional measures to ensure that a PVC phase-out is just. equitable, 
and orderly. In particular. a transition fund could bt: used to assist 110rkers and 
communities affected by the transition. provide for educational opportunities. income 
protection. and health insuranc.: for those affected by a PVC phase-out. and finance 
research and de1 elopment into safer PVC alternati1·es. 

~otes 

*Although n:ry small quantities of dio~in can be produccd 11 hen natural chloride salts 
are burned in some high-temperaturt: processes. the vast majority of dio\in is associated 
11 ith burning or processing the products and 11·astes of industrial ch Iarine chcm ist~. 
Thus. eliminating the keel of PVC and other organically-bound chlorine compounds to 
incinerators 11ill substantial!) reduce dio;;in formation. 

This repon t Greenpeace 1997 
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Dioxin From Cradle to Grave - Introduction 

Wntten by Joe Thornton 

April 1997 

reports 

The purpose of this r..:p,,rt is tl' shm1 that the likcycle of polyvinyl chloride plastic. also 
kmm n as PVC or\ in; I. is a major sour·c..: of dio:-;in pollution. When PVC is 
manufactured. disposed of b; incineration. burned accidentally. or 11·hen products 
containing PVC (usually as a coating or covering on a mdal product) arc n:cycled in 
combustion-based processes. largc quantities of dio:-;in are formed. In fact. PVC is a 
major chlorine donor-- and thus a significant cause of dioxin generation-- in a 
large percentage of identified dioxin sources. These are strong grounds for holding 
PVC responsible !(n a substantial and gro11ing proportion of global dim in production 
and release. Fortunately. ckancr substitutes e:-;ist for almost all uses of PVC. 

TABLE 1: The Many Uses of PVC 
Food Wrap Coatings 
Flooring Upnolslery 
Stding Garden Hose 
Ptpe Snower Curtains 
V1/art covering \-\'1re/Cable Insulation 

Source Society of the Plast•CS lr.dustry (SPI). 1995 

Automottve seats 
Medical instruments 
Doors 
Window Frames 
Molding 

Credit Cards 
Bottles 
Apparel 
Toys 
Appllance housing 

This rcport represents the culmination ofse1ual years of research on the part of 
Greenpeacc scientists and policy analysts. Grecnpeace will continue to conduct literature 
re1ie11 sand primary research to demonstrate and better characterize the links between 
PVC and other chlorinated compounds and dio:-;in pollution. It is our hope that this 
rcsearch 11·ill con1 ince go\ernmcnt agencies and non-governmental organizations 
throughout the \\Orld of the need to addrcss the materials that lead to dioxin pollution, 
the only method that 11 ill lead to true pollution prevention for clio:-; in. The report is 
di1ided into the follo11 ing sections: (I) the health threats posed by dio:-;in: (2) strategies 
for dio:-;in pre1cntion: (3) the PVC-dio:xin pollution links. 11 ith analysis of the role of 
PVC in dio:-;in formation from different sources: ( 4) strategies for a PVC phase-out: and 
( 5) recommendations. 

Ahead tn Dio:xin Poses a Cilobal Health Threat 

This report \.:..Green peace 1997 
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Dioxin From Cradle to Grave -Chapter 3- PVC's Role in Dioxin Formation 

VVntten by ~·oc Thornton 

Apnl 199:-

The PVC Lifecycle 

The I i fcc: ck of PVC represents a large:- and possibly the largest- singk makrial 
source l'fdio,ins. The PVC lifecyck has thr<?e stages. In all of them. dio,ins arc known 
tO De' f'i"c1dUCCd. 

'lanufacture. The first step in PVC's lifecyck is the production of elemental 
chlorine gas b) the energ.y-intensiw electrolysis of salt. Dill\in is produced in 
this process. This chlorine is then reacted with ethylene to produce ethylene 
dichloride (EDC). a process in \\hich very large quantities of dio,in are 
rroduced. EDC is then com erted in another chemical reaction to vinyl chloride 
monomer ( VOvl ). '' hich is then polymerized to form pure PVC plastic. Pure 
PVC is then mi,ed \\ith various additives and used to produce PVC-containing 
products. Dio,ins may be formed in some of these processes. as \\ell. The 
\\astes from the manufacture of PVC and its feedstocks are incinerated in most 
cases. producing yet more dio,ins. 
l"se. PVC is used in a\\ ide range of consumer. construction. and medical 
products. In some uses. PVC may encounter reactive conditions. as when a 
building'' ith PVC cables burns in an accidental fire. When PVC burns. dioxins 
ar~ produced. 
Disposal. Aft~r their use. PVC -containing products may be dumped in landfills, 
burned in incinerators or furnaces. or. in some cases. recycled. When land 
disposed. PVC products haw an essentially infinite lifetime. Wh.:n burned in 
incinerators or land till fires. PVC produces dioxins. When PVC serves as a 
coating or coYering on metals that are recycled in smelters. dioxins are formed. 

Indeed, P\'C is an important, and sometimes the predominant, chlorine donor in 
sources responsible for the vast majority of all identified dioxin releases in the 
EPA's Dioxin Reassessment and in Cohen and Commoner's analysis of dioxin 
emissions in the Great Lakes [EPA. 1994b. Coh~n and Commoner, 1995]. PVC 
proYide:< a substantial proportion of the organically-bound chlorine in incinerators for 
trash and medical "aste. PVC is also a signiticant chlorine source in some secondary 
metals smelters. In accidental tires.'' ood combustion. and open burning. PVC also 
contributes substantially to dioxin emissions. Compared to other chlorinated materials, 
PVC production is on the rise. and thus its contribution to the global diO\in burden is 
likely to increase substantially. 

PVC in Incinerators 

Incinerators are responsible for the majority of identified dioxin releases. both in the 
U.S. and globally. What are the materials that result in dioxin formation in these 
combustion sources? As the S\\edish EPA points out. "In combustion processes in 
1rhich borh chlorine and a carbon source are present, PCDD Fs can be formed [SEP A. 
1996]." Similarly. l'.S. EPA's dioxin r~assessment notes. "Dioxin-like compounds can 
he genermed and released to the environment from various combustion processes when 
chlorine donor compounds are presenr [EPA. 1994b)." One recent sun ey of emissions 
data from a \\ide range of combustion facility types indicates a "clear dependence" of 
dio,in and furan emissions on chlorine content of the waste feed [Thomas and Spiro, 
1995]. The material that donates the chlorine is thus the appropriate focus for 
preHntion efforts, be it PVC, chlorinated solvents, etc. 

Although many materials can serve as chlorine-donors in combustion-based processes. 
one-- 1'\ .. C plastic-- plays an important role in most of the major dio.\in sources. This is 
not surprising. because PVC is the most abundant product of chlorine chemistr;. 
corNmling mer 30 percent of all the chlorine produced in the U.S. each y~ar. In 
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DL·n1nark a!PIK. for instance. some 13.500 tons of PVC is incinerated each year [DTL 
1995[. The quantity th:Jt c::nds up in U.S. incinerators is unc.:-rtain. but total PVC 
pwducti,,n is immc:nse: on:r 5 million tons per year in the U.S .. and 20 million tons per 
;car 11orld11ide [SRL J99JJ. It has been unambiguously sho11n in the laboratory that 
burning PVC results in the gc'Ilt?ration of dioxin [Thiessen. 199 L Christmann. 1991]. 
Ciin:n tilL' large quantities of PVC produced and sold in the U.S. and the fact that the 
burning nl' PVC result> in the generation of dioxins. it is ckar that incineration of PVC 
11 ill likL·l; n:sult in large dioxin emissions. 

i\luniripal \\'astr Incinerators 

In all in1 entories. municipal 11·aste inci1ierators are the number one or 1\IO source of 
dioxinL'lllissioih to the cn1 ironment. In the:: U.S .. there are 211 trash incinerators with 
combined capacity of48 million tons of11astc each year. EPA's median estimate' for 
dioxin cmi,;,;ions from these facilities is 4800 grams per year (TEQ). ivlunicipal 11aste 
incinerator,; also produce an estimated 7 million metric tons of ash annually. 11hich is 
di;;posed in landtiJJ:.;. The more ctTecti1 c the incinerator's emi;;sions control clc1 ice. the 
more snerc::ly ct,ntaminated its ash. Ash from trash incinerators carries about 1800 
grams per: car of dioxin (TEQ) into tilt: Janel. based on an a1eragc concentration of258 
ppt lTQ [Versat·. 1996]. 

1'\'C is common in packaging and consumer products. Th.: major chlorinated plastic 
PVC conu·ibutes a large percent::tge of the organically-bound chlorine found in 
municipal 11ast.:-. PVC accounts for an estimated 0.5 to 0.8 percent of municipal 11·aste. 
Despite this lo11 p.:rcent by 11 eight. PVC can contribute at least 80 percent of 
organically-hound chlorine and as much as 67 percent of the total chlorine 
(organochlorin.:s plus inorg::tnic chloride) in the waste stream [Danish EPA. 1993]. 
Other studies h:11 c made similar findings. 11 ith PVC comprising 50 percent or more of 
wtal chlorine in the 11:1ste stream [Kantcrs and Lou11. 1993. Ecocyclc. 1994. DTI. 1995, 
Brahms. 1989] .. -\n estimated 200.000 to 300.000 tons of PVC is incinerated each year in 
U.S. trash incinaators. based on national incinerator capacity of 48 million tons per year 
[Versar. 1996]. 80 percent capacity utilization. and PVC content ranging from 0.5 to 0.8 
percent. 

In th.: Ncth.:rlands. 11 here an c!Tecti\T garbage separation system rcmo1es most of the 
organic chlorides in compostablc materials. such as food and 1100d ll'astcs. PVC remains 
one of the onl;- major source of chlorine and. subsequently. one of the only major dioxin 
precursors. Dutch incinerator studies indicate that reducing PVC feed causes significant 
clecreases in dio:;in emissions [Kanters and LoU\\, 1993]. Based on these findings. the 
Dutch E111 ironment 1\1 inistr; concluded: 

"Thl!se 11<'tt' experimf'nts by the Unil'ersity of Leiden dl!monstrate clear(1· 
a relation bctll'el!n thr co/1/ent of P I'C in household traste and dioxin 
formmion in H'astr incinerators. On the basis of these experiments rhere 
is no rutsonro reconsider presenr policies regarding PI 'C applications: 
thl' main/cature ofrhis policy is that for P I'C applications for which no 
ji:asibll' sntem ofren'C!ing and reuse can be esrablished. rite use of 
tliOI'f7 em·ironmrlllalll· sound alternative materials is to be preferred 
ri\etherlands E111 ironment Ministry. 1994]." 

\lore recent Dutch rc:scarch IKanters. ct. al .. 1996] confirms these findings. In a 
Jaborator; nperiment. chlorophenol emissions (an indicator for dioxins) \lt:re lo11est 
11 hen the majorit; of chlorine-containing substances 11·ere remo1·ed from the 11 astes. 
\\ hen 20~o of the original quantity of compostables 1\aS inc\ uded. emission doubled 
from this baseline: 1\hen30% of the original quantity of PVC 11as included. emissions 
doubled again [Kantt'rs. et. a!.. 1996] . 

. \Jedical Waste Incinerators 

In U.S. dio.\in imcntories. medical 1\aste incinerators (i'vl\VIs) are the largest or second 
largest dio\in source. There arc about 2400 medical waste incinerators in the U.S .. 
11 hich burn about 848.000 tons of waste per year [Versar. 1996 ]. EPA's original 
in1cntor: estimated annual dioxin emissions in the range of 1600 to 16.000 grams of 
clio\in (TEQ) into the air each year. 11ith a median estimate of 5100 grams. making 
\1\\ Is the largest dioxin source in the inYcntory [EPA. 199-tb]. ;\\though other analyses 
h<nc confirmed that M\\.ls are major dio\in sources. the American Hospital Association 
has argued that th.: actual total is much lo11er [All;\. 1995]. EPA is C\pectcd to lower its 
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quantitati\l' L'Stim;Ik. but there is little doubt that medical 11 astc incinerators 11 ill remain 
a signiliL·:mt dio\in Sl1UITC . 

The· ma_inrit: Pi" the ;1\ailable chlorine in 11aste from hospitals and other health care 
institutions comes fn11n PVC plastic. 11hich enters these facilities as pacbging and in 
man: dispnsabk me·dical products [Ci1\:cn and Wagner. 199:1. Coppinger. 1996]. PVC is 
the· most contmonly u,;cd polymer in the medical clc1ice arena. :'\n estimated 700 million 
pounds pc·,· ye;tr or P\"C arc used in medical de1·ices in the United States. 11ith an annual 
grl111 th r;Ite or 6.~'l·o. [Chemical \Vel'\.;. 1995]. PVC is use·d in pad;aging. gloles. 
ini"usil'll hags. tubing. u·ays. and numcruus other mcdical applications. Since an 
e·stimatcd 80 percent l'i"U.S. medical 11as1L: is incinerated ]A \\!\1.-'1. 199~]. ;ts much as 
280.000 tuns ol· PVC may be burned in medical incinerators each year. 

\\'hik municipaltr<bh contains about 0.5 percent PVC. an estimated 9.4 to 15 percent of 
all inkctious 11as1L' i;; PVC fivlarrad:. 1988. Hasselriis. 1993]. and as much as 18 percent 
ofnon-inkctious hospital 11astes are PVC [Hasselrris. 1993]. According to one report 
i"nr the· cit:• ofNe11 York. PVC gl01-cs and IV-bags alone account !"or 01cr 90 percent of 
the organic chlorine and over 80 percent of the total chlorine content of medical 11aste 
[G1wn. 1993]. All P\'C products tllken together could likely contribute liS much liS 
90 percent or more of the organiclllly-bound chlorine and 80 percent of the totlll 
chlorine fed to medical waste incinerators. The large quantities of PVC in the m<::dical 
ll:biL' stre·am is on.: reason \\'hy medical 11aste incinerators arc: such a significant dio\in 
snurcc. The authors concluded that the substitution of PVC plastic is an e!Tc:cti1 e 11ay of 
reducing the en1 ironmental impacts of such incinerators I Green. 199:1 ]. 

Hazardous Waste Incinerators and Cement Kilns Burning Hazardous Waste 

Comm<::rcial incinerators and kilns acc<::pt compk\ mi\tures of chemical 11ast<::s from a 
\I ide Yaricty of sourc.:s. \\hi k many chemical com panics operate on-site incin.:rators. 
furnaces. and boilers for disposal of their 011n 11astes. EPA estimates that hazardous 
II <lSI<: incinerators and kilns release 120 to 1200 grams ofdio\in (TEQ) per ;ear. 11ith a 
median estimate of409 grams per year ]EPA. 199~b]. These estimates are based upon 
carefully controlled trial burns. so actual emissions during routine operation or upsets 
may be significantly higher [Costner and Thornton. 1991]. As of 199~. th.:re \I ere 298 
p<::rmitted incinerators. boilers and furnaces burning 2.3 million tons of hazardous \l·aste 
per year: 3-1 cement kilns burned an additional one million tons of hazardous 11aste each 
year (including medical \laste containing PVC). In addition to dio\in in air emissions. 
incinerators produce highly contaminated ash 11hich is disposed on land. If pollution 
control d.:1 ices arc ')9 paet.~nt ciTectin:. ash from thes<:: facilities 11ill carry about 100 
times illlll·e dio\in intl' the environment than air emissions 11·ill. \\'aste-burning cement 
kiln' produce large quantities ofcontaminatt:d dust-- an estimated 3 million tons per 
year 11 ith dio:--;in concentrations averaging 42.2 ppt TEQ [EPA. 1993]. Based on these 
.:stimat~s. kiln dusts 11 ould carry 118 grams of dio\in (TEQ) into each year. EPA has 
found that dusts are released to the em ironment during storage:. transport. and disposal. 
"hich oli.:n takes place by dumping into quarries or piks [EPA. 1993]. 

Because hazardous 11·ast<: destined for incinerators is prt:dominantly organic chemical 
11aste. the organically-bound chlorine content is much higher than in municipal 1\aste. 
olicn reaching 10 percent of total \lastc feed. The major chlorine donors in incinerated 
ha;cardous 11astes belong ·to t\vO categorics: 11astes from the manul~1cture of 
organochlorine chemicals and spent chlorinated solvents [Oppdt. 1986. Dempsey. 
1993]. \\'astcs from the manufacture of PVC feedstocks arc likely a significant 
contributor to the first category: EDCIVC'Vl manufacture is the largest us.: of chlorine in 
the chemical industry -- accounting for mort: than half of all chlorine used 11 ithin the 
organic chemicals sector I SRI. 1993]: mill ions of tons of chlorine-rich 11 astes are 
generated by these proccsses that arc incineratt:d in on-site or commercial faciliti<:s. 
Gi1 en the large amount of PVC production \I astes incinerated each year. it 11ould appear 
that the PVC lift:cyclc is an important indirect chlorine donor and dio\in precursor in 
hazardous 11astc incinerators. as 11·eJI. 

Metals Recycling 

In man: cas~.:s_ products containing PVC (usually as a coating or CO\ering on a metal 
product) arc recycled in combustion-based processes. The result is th~ formation of 
significant amounts of dio.\in. Indeed, PVC is lin important chlorine donor in the 
secondary processing facilities that are considered major dioxin sources. The 
rec; cling or PVC its~Jr has not been thoroughly analyzed ror the creation or clio\ ins. and 
is thus not discussed hc:re. 
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Sc·condar: copp.:1· smc·lt.:rs arc major dioxin sources. rckasing 7-1-740 grams of dioxin 
pc·r year (lEQ). aCCLlrding to El':\. These facilities produce dioxins in large: part b~caus~ 
the: process fnr recycling larg~ quantities of PVC-coated copper cables. as 11ell as PVC 
t.:kphon.: cases and nthcr PVC-laden products at high temperatures [Christmann. 
19S9a[. ;\ S11cdish stud: tkscrilKd the creation ofPCDD/Fs fi·om the recycling of PVC 
co;llcd 11irc· in ;l copper smelter [t\·laddund. ct. al.. 1986[. In its investigation of a 
sccL1ndar1 copper smelter. EPA kd a secondary copper smelter a mixture ofekctronic 
tckphonc· snap and L'thcr plastic scrap (likcl:· PVC coated). as 11ell as metal scrap. 
residue:<. and slag [EI'.\. 1994a]. The estimated TEO emission factor for this facility is 
779ng/J..g ofscrap metal smelted [Versar. 1996[. The presence of large amounts of PVC 
along 11 ith coppc·r --a catal:·st that increases the rat<: of dioxin formation-- makes these 
major din.\ in spmc.:s. :\ccorcling to one German stud:: 

Considcmblc OIIIOiillts a/dioxins wulji1rons han' bt>i!nfound inlhi! jlul! 
gas os li'e/1 os in soil ji·o111 the ncar 1·icinity a( copper rcc/amotion 
plwlls. In thesej(Jciliries. scmp copper conlaining 1'(//:l·ing qua111ilii'S or 
I' I'C-coared co hies is pn'Cieaned b1· combustion or 1n·ro!l'Sis and rhen 
rcn"Cicd in o copper s111elrcr. In rhe ambient air near n copper Slllf'ili'l'. 
11'£' could jind in imission IIJ<'asurenu'n/s swprising/1· high 
conci'nlralions o(dioxins andjill'ans [Chri:;tmJnn. ct. nl.. 1989a. h]. 

RcmLnal of a part of the cable shc<tthings (t;pic<tlly PVC) before reclamation in a copper 
smelter resulted in reductions in PCDD/F values of l7°o. 48'% and 35% (in three 
diffcrcnt smelters) [Christmann. 1989b]. Other resemchers fs~e Fiedler and Hutzing~r. 
1990[ imcstigating this same plant found that there is little information on PCDD/F 
!ormation in copper recycling. H011ever. after reduction of plastic inputs in this plant 
(presumed to he PVC. thi)ugh not specified as such). the researchers noted that stack gas 
concentrations of PCDD/Fs fell from 200 to 70 ng TEQ/Nm3. 

Secondar: steel smelters are important dioxin sources in some in1cntori~s [Cohen and 
Commoner. 1995. Thomas ancl Spiro. 1995]. although EPA did not make a quantitati1e 
estimate. EPA did note. ho11e1·er. "The secondary snu?lrers 11-hich recover me{(l/from 
11·asre producrs such as scrap automobiles hm·e the polf'ntinl(or dioxinformarion due to 
rhc: plasric (and msociared chlorine) in the feed 11wleria/. Or her cowllries s11ch as 
Gem1am· han' idenrificd this indusrry as pote111ia//y important [Schaum. 1993]." 

These facilities may produce dio:-;in in part because of the presl'nce of PVC residues in 
steel scrap. particularly from automobiles. in 11 hich PVC ma: be used for upholster:. 
interior moldings. undersea!. and other parts (EPA. 199-la identities PVC as one of the 
chlorinated materials entering these processes). Chlorinated cutting oils provid~ 
significant amounts of chlorine for dio:-;in formation. An analysis [Aittola. 1993] of a 
metal reclamation facility in Finland with s<.:1cn different processes for copper. 
aluminum. and various steels. found that a large part of the emissions of chlorinated 
aromatic compounds in these processes are formed due to PVC plastic and cables and 
car components. EPA ~stimates that bet11een 500 ·and 850 pounds of auto "fluff' (plastic 
and other non-metal materials rcmon:d from cars destined for reclamation) is gencrat~d 
per cnr. For 1990 models about 20 pounds is PVC [Carroll. et. al.]. While much of the 
fluff can be remol'.:u b: magnetic separation and land filled or stockpiled. separation 
techniques are. likely not I 00 percent effective: at least some PVC is likely to reach th~ 
smelting operation. According to one e:-;pcrimental study of a S11edish steel rec: cler: 

This pi/or stuch· clrar/y sho11 s that PCDDs and PCDFs are formed 
during scrap metal melting procrsses. Combusrion of PI'C has bern 
rrporlf!d as on<' sourer of PCDDs and PCDFs in different combusrion 
and pp·o(nic processes. In this stuc~v. P I'C is also found ro givr the 
highesr emissions [Tysklind. 1989]. 

Seconclar: lead smelters also n:lease clio.\ in. According to a recent report for EPA. 
"1-/isrorica/il'. rhe sourcf! o(CD!J.'CDFs at secondw:r lead smellers is the PI'C separmor 
used inlr>ad acid ballerif's. In /99(), about I perce111 of scrap bmreries processed ar lead 
smelters contained PI 'C separators .... Less than (J. I percent of scrap barteries conrained 
1'1 '(·separators in I YY./ and this I!Tnd is collfinued bewuse no LS manufi.Jclurr> of lead
acid auromorire halleries currently /lSI's PI 'C in produuion IVersar. 1996]." This 
change can be viewed as a model for dioxin prevention: dioxin releases were 
virtually eliminated by phasing-out PVC from the products that ultimately end up 

http://wv.;w .greenpeaceusa.org/mcd i a/pub I i cations/dioxins/ dcg03 text. htm 7/26/2002 



• 
Dioxin from Cradle to Grave: Publications: Media Center: Greenpeace USA Page 5 of 12 

in rom bustion facilities . 

Some in' cntllrics suggest that primary stt:el smelters may be major dioxin sources. as 
\\c'IIILahl. 1993. Lahl. 199-1. 13rzuzy and Hites. 1996a]. In these facilities. dio\in may 
he pmduc.:d due to a k" chlorine donors: the usc of chlorinated sohcnts and cutting 
oib in the production rroct·~;s. paints. and the reintroduction of dusts and slag containing 
chlorinated mall'1·ials from recycling of scrap. PVC present as part of the scrap charges 
t<' 'tcc·lmills ma; contribute to the emissions of chlororganics reported by Oberg and 
.'\llhammar. i1Kiuding dio\ins !sec Johnston. 1993 on Oberg and Allhammar. 1989]. 
Rc·cyrkd snap steel can play an important role in some types of primary steel 
producti<lll. One gmcrnment study of ckct1·ical arc steel manufacture found the potential 
l\1r the creation of to\ir organic rnicropollutants because of feedstocks that contain 
org:1nir matcriab such as oils. emissions. greases. and plastics: chlorinated compounds 
in these· materials may gi' c rise to PCDD/F formation lAir 13oard. 1995]. 

Other Combustion Sources 

Dill\in formatiLlll in the burning of natural \\ODd is nt:gligiblc. In contrast. industrial and 
rcsidclllial \\Olld burning can become an importalll dio\in source when \\ODd \\ith 
chemi,·:ll aclditi,cs or residues is burned. EPA identities the industrial and municipal 
burning ol.\\ood as a large dio\in source [EPA, 1994a). Sine<:: much of the wood 
incinerated is con,;tn1ction debris. and markets for PVC siding. windo\\· frames. 
":dlpap.:r. nnd lloo1·ing arc increasing rapidly. this source is likely to increase in the 
futurc. The major chlorine donors in this sector appear to be scrap\\ ood with PVC 
residues. chip hoard" ith chloride-containing hardeners. and treated \\Dod prcserYed 
"ith pcntachlomphenol[ \\ilken. 1994. Vikelsoe. 1993. Kolenda, et. al.. 1994]. The 
Gcrman Federal Em·ironmcntal Authority has urged that no chlorine-containing fuels be 
burned in any funwce. from private fireplaces to industrial plants [Wilken. 199-1]. 

Accidrntal Fires 

PVC is no11 ubiquitous in modern buildings in tlooring. siding. pipes. furniture. 
\\allpaper. and other materials. Construction applications account for more than 60 
percent of PVC use [SRI. 1993]. An average house contains 14 to 367 kilograms of 
PVC. ckpending on size and date of construction/rcmodeling [Carroll. 1995]. Industrial 
and institutional buildings contain even greater quantities. In Denmark alone. it is 
cstimated that I.2 million tons of PVC arc used in t:\isting buildings. "·hich could burn 
in the case ofaccickntal tires [DTL 1995]. Combustion conditions associated "ith an 
accidental fire-- IOI\ o\ygcn and rapidly cooling temperatures away from the lire-
n:sult in poor combustion conditions and high rates of dioxin formation [SEPA. I996]. 
The Danish Technical Institute ( 1995) summarized: 

"Rigid PI 'C does no! burn by iiS!>/f and u·il/nol s/arl a fire. If other 
ma/eriuls supporl ajire. Pl·c u·i/1 burn under the form arion of carbon 
oxides and lzydroclzloric acid jiunes .... Burning P I'C also yields large 
anzou!lls ofsoo/-containing smoke. The soo/ will contain sevrral 
dijferenl subs/(/1/Ces. The prr>sence of chlorine in the material gives the 
pot!!!7lialfor conlribulionto ihefornwtion ofpolychlorinaied dioxins 
and diben::ojirrmzs during !he jire. fjformed. it seems that these 
subswnces ilCn·e the highest tendency to be present in the soot. The 
amount m'/1 dr>p!!nd on the jire condilions such as ox_1gerz m·ailable. 
temperoture. cawlyst antilahle such as copper. and the amount of 
chlorinated maluial. eg P 1 C invoh·ed in the fire .... Laboratory tests 
1ritlz dtj}erelll [)pes of PI 'C produc/ report forma/ion of PCDD Fin the 
le1·el of microgram per kilo." 

Samples of soot taken from fires in PVC-containing buildings have been found to 
contain dio.\ins in concentrations as high as I 0.000 nanograms (ng) (TEQ)/per square 
meter (m2) on surfaces and 45 parts per billion (ppb) TEQ in ash and soot [Fiedler. 
1993. UBA. 1992]. Fires in homes. schools and ofllce buildings can produce dioxin 
concentrations in the 200 ng (lEQ)/sm2 range [DTI. I995). Dio\ins found in soot. 
ho\\cn:r. rcpn:scnt onl; a small pan of the problem: more than 90 ofthe dio\ins 
producccl in a structural lire are found in the gaseous phase and escape into the 
atmosphere fVcrsar. 19961. PVC fires may thus make a substantial but yet 
unquantified contribution to dioxin contamination ofthr environment. 

;\ccording to one: industry spokesman. as much as three-quarters of all I'VC 
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m~mut:1ctur.:d f'.t'e~ inw the building and construction market for uses such as piping. 
~iding. 11 indo'' frames. 11 all paper. cabling. flooring. and othcr uses {Reisch. 199-l]. As a 
rc·stilt. any fire in a modern building is likely to be a source of dioxin. The contents of 
111any buildings. including fumiturc. appliances. computer housings. toys. and other 
t:Oihumc·r products prc·~cnt in a typical home. are also potential sources of dioxin. 
Dcspite the PVC's potential contribution to the U.S. dioxin burden from accidental fires. 
[P.-\, in its draft dioxin reassessment, has failed to adequately account for the 
contribution of accidental fires to the nation's dioxin burden and in particular the 
contribution of PVC as a chlorine donor. 

In the l :.s. alone. thc·rc· are 6~ 1.000 structural fires per year [Versar. 1996]. As m•tcd in a 
rc·c·c·nt report for the rn ision of U.S. EPAs dioxin n:assessment. "P I"C building 
111!1/erials andjitmishings. te.Yiiles and paints containing chloroparajiins. and o!lwr 
clilorinal<'d organic contjJOIInd-containing materials appear to be !he priman sources of 
1he chlorine [Versar. 1996]." Based on the number of fires in Vcrsar. 1996 and the Vinyl 
Institute\ cstimak of the amount of PVC in a typical house. Greenpeac.: estimates that 
9.000 tn 2-W.OOO tt>ns of PVC may bum in house tires each year. 

Large. and potential I: unkmm n. quantities of PVC may burn" hen acci,kntal tires 
Pccur at plastics manufactur·ing. storage. or recycling sites. For instance. <Jtier a single 
tir·c· at a plastics \\ai·<.'Jwuse in Binghamton. Ne\\ York. dioxinleYels in soil on the site 
"ere found to be 01 c·r I 00 timt:s greater than other samples from the same community. 
Dioxin klels in the soot 11ere as high as 23 ng/m2 TEQ. approximate!: the same as the 
state's ma'\irnum lc1 c·l for reentry into dioxin-contaminated buildings [Schecter. 1996]. 
A 1992 tire at rvlicroplast. a PVC recycling company in Lengrich. Germany. resulted in 
dioxin contamination of residues in the facility and an 88-fold increase in dioxin 
com:entrations iiJ cabbages grm\n on farms dommind from the facility [UB..-\. 1992]. A 
recc:nt study [l'vkharg. 1996] of three fires invoh ing large quantities (appro.,imatel: 
I 000 tonnes) of plastics ( P\'C and polydhykne) estimated that 50-100 tonnes of 
aromatic compounds (both chlorinated and non-chlorinated) 11ere produced from each of 
the three tires im est igated. 

Substantial dioxin releases from the accidental burning of stockpiled 11 aste containing 
PVC ha1e also been documented. For example. Se\eral tires invohing automobile !luff 
stockpiled at automobile: reclamation facilities have occurred. In one fire. bet\\een 
39.000 and 48.000 pounds ofthe tlutT\\ere burned. Laboratory studies b: EPA indicate 
that burning one kilogram or· tlu ff generates air em iss ions of approximakly 0.0072g of 
PCDIJ!PCDFs. The :\gency estimates that appro.\imately 2 billion pound,; of automobile 
fluff are generated annually. most of it ultimate!: disposed of in i<Jndtills. I fall ofthis 
tlu!T11ere burned in open tires. more than 31 kg of these I'CDD/PCDFs \\Oulcl be: 
rekasccl into the air per :ear [Costner. ct. al.. 1995 citing Ryan and Lutes. 1993]. This 
quantity of tlutT is so large that it would contribute significant!: to the national dioxin 
burden. e1 en if burned in controlled combustors. 

Landfill fires n:present a largely unquantified source of dioxins. PVC rna: comprise 
bet\\een50 and 75 percent of the total chlorine in landfills [Johnston. 1993]. Other 
chlorine sources may include organic household 1vastes. pesticides. and sohents. A large 
percentage of the P\'C used in construction applications" ill reach the end of its useful 
life in the coming years. and overall use of PVC is increasing. With a significant portion 
of this PVC destined for landfills. landtill tires may become an important source of 
dioxin emissions. 

Accidt:ntal burning of PVC in automobi Jes (e.g .. dash boards. undersea!. upholstery) 
could represent another important. yet unquantitied. dioxin source. According to a report 
for the L.S. EPA. ".-lccidenwljires in vehicles are uncontrolli?d combuslion processes 
thai (1pica/l_1· result in n:latf1·e high emissions of incomplete combustion products. 
including C!JD CDFs. b!'cause of poor combustion conditions. PI'C \"!'hic/e components 
unci o!ln:r chlarinmed organic compozmd-containing materials appear 10 be the primary 
sources o(!he chlorine. In 1993. approximately -12/,()(}() [vehicle J fires "ere repor!ed in 
1/u: CS [Vcrsar. 1996]." Dio.'\ins nne! furaris have been idcntitiecl in residues from the 
experimental burning of automobiles (0.044 - 0.052 mg TEQ.'car). a sub1\ ay car !2.6 mg 
TI.Q ). and a raiil\a: coach (I 0.3 mg TEQ) [Versar. 1996). Gi1 en the number of 
auturnohi k tires ptT: car and the amount of dioxin generation per 'chick burnt. 'chicle 
lire'> could thus represent an important. and still unkno1\n source ofdio'\in emissions. 

!Jue to the large amounts ofdio.\in that can be produced in accidental tires. the German 
1:n1 ironment iVIini-,tr: has ccilkcl for the usc of substitutes for PVC in all areas 
-,usccptihk to tin:s: 
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"1'1-c produos in Iii<' building induslrv should he subslilu!L'd for in 
1hosL' art'as o(ust' in lrhich comiderable dangers 10 !he em·ironmen/ 
und heal!h oc,·ur. and ,ox/ens in' clean-up measures become necl'ssm~\'. 
<IS a rl'sul! o/1he l'ossibleformalion of dio.Yin and hydrogen chloride in 
;in·s ]Genn:m En\ ironrnental rvlinisters. 1992]." 

l'h..: CIL'rm:m IY.-\ and :---tinistl') of Health have made a similar order: 

"lhc use o/pl<~slics conlllining chlorine and bromitN should he 
,·oiiif'lc!eh· C'YCirull!d as far as is possible. UBA and !3GA propose a bmz 
on !lw use o/ploslics colllairring c!rlorinl' and hrominl' in appara/us 
susccpliblc wiir<'. in !he tnonu(i1c1ure ofchip-board. as 1re// as !he 
labeling o/pluslics colllaining chlorinr and if necessmy o ban on/he 
use u/PU' in f'Ockaging ]LIB:\. 1992]." 

Open Burning of\Yastes 
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In din;; in ill\ en tori..::; for industrialized nations. open burning is not considered an 
important dio\in source. In some nations. especially developing nations. the greater 
prt'vakncc ofthi:; praL'ticc and the poor combustion conditions encountered may make 
open burning ofchlorint'-containing \\aStt's an important dio:-;in source. Open burning of 
trash or c,•nstruction II<JStt' that contains PVC may result in significant but unquantified 
dim in emis:;ions. 

Manufacture of PVC Feedstocks 

In addition to the significant dio:-;in formation associated with PVC during disposal and 
accidental combustion. dio:-;in is also generated during the m;-tnut~1cture of the product 
and ib feedstocks. Since at least 1983. the chemical industry has knO\\·n that dio:-;in is 
formed during the manut:1cturc of the PVC feedstocks vinyl chloride (VOvl) and 1.2-
dichloroc'thane (ED C) [Beeb1 ilder. 1989. cited in Andersen and Knapp. 1993]. Despite 
the industr;. 's prior kno11 ledge. it \I as not until 1989 that a series of sampling programs 
in Europe brought the problem to the attention on of the scientific community. 
governments. and the public at large. While only a portion of the dioxin generated 
during PVC production is released into the environment (some of the dio\ins are 
r.:cyckd in internal processes or destroyed during incineration). PVC production 
reprcst'nb a potentiall;. l;-trge dio:-;in source. 

Dioxin in Wastes 

Dio:-;in form;-ttion is particular!;. significant in the o\ychlorination process. in 11hich 
cthyknc is combined \I ith hydrochloric acid and o:-;ygen in the presence of a copper 
catalyst to produce EDC. Dio:-;ins produced in this process folio\\· one of three paths: the 
majority remains \\ith the EDC product. and smaller amounts are distributed to the 
11aste\1akr and offgases from the process [DTI. 1995]. Dioxins contained in the latter 
t\1 o fractions enter pollution control de\ ices and are then released to the environment Yia 
air emissions. \Yaste11ater discharges. ash residues. and treatment sludges. The EDC 
product fraction is then pu1·ified. and much of the dioxin is partitioned into the "he<ny 
.:nels." \lastes that arc non or semi-\olatik. These wastes are primarily disposed of by 
incint'ration --a process that produces and releases dioxins and furans from the 
incint'ration of the many other chlorinated organic compounds in the \last.:s [Costner. et. 
a!.. 1995 J Sorn.: of these \I astes. ho\1 e\cr. may be shipped oiTsite for treatment or 
disposal. 

The quantities ofdio:-;in formed in \\astes appear to be very large.* Laboratory 
simulations at the Uni\ crsity of Amsterdam demonstrated dio\in formation during 
o.\ychlorination at a rate equivalent to 419 grams of dioxin (TEQ) per I 00.000 tons of 
EDC produced (4.2ng'g EDC) [Evers. 1989]. A 1994 analysis at a fully modernized 
EDC/VC.\·1 plant in Germany found dio:-;ins in process sludges at concentrations as high 
as 414 ppb [I.O\Ier Sa\ony. 1994 J. refuting the claim that only outdated EDCIVCM 
technologies produce dio\in. An analysis made by !Cl Chemicals and Pol: mers at its 
\in;. I chloride monomt'r production plant in Runcorn. UK. found that more than 27g 
I'EQ ofdio\ins arc produced in solid and liquid \lastes each year (per 200.000 tons) 
f ICI. 1994. reproduced in EnYironment Agency. 1997]. If clio;; ins created during the 
inkgratcd production of perch lorcthylcne and trich lorcthylene (produced using by
products ol.the VCM production) an.: included. this number increases to more than 500g 
TJ:<) pt'r: <-'ar. much of 11 hich is currently deposited in otT-site salt ca\·erns. xx 
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Adrn itting the ineYitabilit~ of producing dioxins in VCi\1 production, ICI notes 
that. "It is difficult to se<' how any ofth<'S<' fproc<'ss/ conditions could be modified so 
as to praellf PCDD/PCDF jor111ation without saious(r impairing th<' r<'actionfor 
which th<' process is design<'d [ICI. 199-t]." 

>In the U.S .. dio\ins. i'u1·a1b and PCGs ha\e been identified in O\:chlorination 11astes 
!'rom the' Vukan Chc·mical plant in Louisi~1na at concentrations as high as 6000 ppb 
TEQ. [Custlll'r. ct. al.. 1995]. These kwb suggest that O\_lchlorination 11astcs are 
~unong the mo,;t dil,\in-contam i nated 11 astes e1 e1· icknti tied. 11 ith concentrations in the 
same range as 11 astc·,; !'rtllll the· production of Agent Orange. an notorious herbicide used 
t(lr defoliation during the \"ie·tnam \\.ar. 

Production 11aste,; fn1111 EDC' synthe,;is also contain PC8s. In 1990. 0011 Chemical 
found that "hemy end" 11astc's from EDC distillation at its Louisiana facility contained 
PCI3s at concentrations up to30:2 pans per million-- 11ell mer the legal limit [Do11, 
1990j. In !'act. EPA had propc1scd to regulate PCB formation from EDC synthesis as 
early a,; 1988. but 11 ithdre11 its proposal under pressure from the Vinyl institute and 
nunw·\,uS EDC -producing corporations [Costner. 1995]. 

The LKt that dio-..;ins arc' fl1rmed and partitioned into 11astes does not mean that they 11ill 
be rcka,;ed into tlw en1 irunment. Some dio\ins are retained in cycling streams in the 
processes: some ma; be destroyed in incineration. But at kastsomc portion of the 
ctio-..;in,; created 11 ill be released to the ell\ ironment through incompkte combustion or 
accidental r.:ka:;es: indeed in it> sampling of11astcs at the Vulcan Chemical plant and 
othn EDC!VUd t~1cilities. Greenpeace investigators found 11astcs in barrels and other 
readil: accessible storage containers [Costner. ct. al.. 1995]. In addition. the chlorine
rich 11astcs created in the EDCiVCI\1 production process contain many other 
organochlorines. 11·hich. 11 hen incinerated. can create and release dio-..;ins into the 
en1 ironment as product,; of incomplete combustion. The quantity of dio\in generated as 
product> of incomplete combustion ma:. in fact. be far greater than that in the original 
11 astc that escapes combustion [Costner. ct. al.. 1995 j. 

In addition to incinerator air emissions. dio\in-contaminated tly ash and scrubber 11ater 
from on and off-site incineration facilities must be treated and disposed of. FJ.:, ash and 
scrubber 11ater may account for up to 88 percent ofdio\ins created by the incinerator 
process [Huang and Beukncs. 1995]. Ashes and 11aste 11ater treatment sludges are 
typically land-disposed. 11hik eftlucnts are ultimately discharged to 11atcmays. When 
landtilkd. the dio\ins in these 11astes can threaten ground11ater. 

Wastes from EDC manuf:1cture is of special concern in de~ eloping countries. 11 here 
incineration technologies are primiti1e and inadequate landfilling could occur. In the 
encl. the 11 astes associated 11 ith the production of PVC should be considen:d dioxin
contaminated 11astt:s that pose special threats to air. 11ater. and land. 

Releases to Air and \\" ater 

Dio\ins. furans. PCBs. he.\achlorobcnzene. and other dio\in-like compounds ha1 e been 
identified in the air emissions and effluent discharges (and 11aste11ater treatment 
sludges) from se1 era! EDC!\'Civl plants [ICI. 1994. SFT. 1993 . .Johnston. 1994] These 
11aste11ater dio.\in concentrations are of particular interest in relationship to dioxin in 
sediments. For example. in one study. up to SO percent of the dio\in in sedim<:nt samples 
from the Rhine Ri1er ('\ethcrlands) 11<-:re attributed to an upstream EDCIVCM facility 
[Evers. ct. al.. 1988. hers. 1989]. In an update to their study [hers and Olie. 1996]. 
these same researchers linked decreased dioxin levels in sediments to the halting of 
production of the pesticide 2.4.5-T. an e\ample of a materials policy applied to dioxin: 
ho11t:1 cr. they found that "1/u: congener pmlerns of PCDD and PCDF in Rhine 
sedimems revealed that the production ofl·inyl chloride monomrr is still an important 
sourcf' o( esprcialh· OCDF and other highrr chlorinatrd congenrrs." 

/\nother research effort identified dio.\in concentrations ranging from 433 to 9:2:2 ppt 
TEQ in sediments from a harbor on 11hich an EDCIVCM facility is sited [Evers. et. al., 
198%. \\enning. et. al.. 199:2 j. Studies in the Netherlands. S11 eden. and German: have 
all found elc1ated !nels ofdio.\ins in sediments. 11ater. and biota do11nstream from 
LDCIVC\'1 discharge points [E1ers. 1988. hers. 1993. Cato. 199:2. Costner. ct. al.. 
1995. l.o11<.:r Sa\on;. 1994. \'erhoog. 1988. as cited in Andersen and Knapp. 199-t)**"' 
In certain areas of the \orth Sea and Baltic. EDCIVCM synthesis appears to be a 
rrimar; source ofen1 ironmcntal dio\in contamination.]L1ers. IY89. Evers. 1988]. High 
concentration-, ufdio\in"i ha1c hccn identified in shellfish and s.:diments in the Venice 
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l:1~oon in the Yicinit~ ,,ITnich.:m's VOvi/EDC/PVC production f:1cility [F:1bbri. 1996). 
c;recnp.:acc· found tot:1l dio\in concentrations of more than 2.900 parts per trillion 
(I S.4ppt TLOl in s.:dimL·nr> taken sli~htly dc,mlstream from the discharge point ofth~ 
CJL'On Corporation in I al'ortc. Tc\as !Costner. ct. al.. 1995]. This concentration is 
apprll\imatcly four· time'S higher than the a1 erage concentration rc'ported for North 
.-\rnerican sediments in El'.-\s draft dio\in reassessment. 

.-\National Oceanic :md Atmospheric Administration (NOAA) report found high k1·~ls 
t1f IK\achlornbenz.:nc'. I'CB's. hC\<Jchlorobutadicnc- all contamimnts that tend to be 
li.mned as byproduct; along 11 ith cliO\ in-- in th~ scdirncnts and 11ater of estuarial bayous 
surrounding the I'PG :111d Concka Vista PVC facilities in the Lake Charles. Louisiana 
area. Fish in these II:Hc'rs :m: also highly contaminated ["NOAA. 1996J. These t110 firms. 
:llong 11 ith Conoco. lnL·. appl'arcd to makc major contributions to thc arL'a's 
c·nntamination burckn. 

Dioxins in PVC Products 

Dio\ins hal'c also been found in the PVC product itself. In i\·tay 199-1. the S11cdish 
J:n1 ironmental Pwtection Agency found that PVC plastic contains measurabk quantities 
ofdio\ins and furar1:; jSEPA. 1994J. Pure PVC susp~nsion from t110 Sm:dish PVC 
producers 11as found t,, C\Hltnin a full r~mgc of congeners ofdio.\ins. furans. and PCBs. 
Total concentrations. including PCI3s. ranged from 0.86 to 8.69 ppt (TEO). In 1995. the 
L'K i'vlinistry of Agriculture. Fisheries. and Food (MAFF) noted the presence of lcm 
k1els ofPCDDs and PCDFs in PVC articles manufactured for usc either as food 
packaging or food pr,,.:essing equipment [\\'agenaar. et al. 1996). In 1992. BF Goodrich 
(n011 G.::on) submitted information to U.S. EPA indicating that dio\ins had been found 
in conc~ntrations up to 170 parts per trillion (total PCDD/F) in r~sin and pipes made 
from "post-chlorinated PVC" (CPVC). an engineering thermoplastic that Goodrich 
manufactured and sold at the time and has since discontinued lt\'lattia. 1992. MRL 
1991]. Dio.\ins 11crc also found in the 11orkplace air in the C\trusion of this product 
[\lattia. t 992]. Since then. the plastics industry in Europe and the U.S. Vinyl Institute 
han: undi:rtak~n studies to quantify dio.\in le1 els in PVC resins and products 
[\\.agcnaar. ct. al.. 1996. Carroll. ct. al.. 1996]. Both studies identitied trace le~els of 
clio\ in contamination (mainly OCDFs) in some samples. Th~ industry suggests that these 
lc1els an: insignitlcant and that the results of the S11cdish and British go1err11nent 
studies arc due to contamination. But the e1 id~nce clearly 11arrants a compn:hensiw, 
independent investigation to charactcriz~ the presence of dio\ins in PVC resins and 
products. 

Estimates of Total Dioxin Formlltion 

Gi1cn the paucity ofplant-specitlc data. it is not possible to estimate 11 ith conlicknce the 
total quantities of clio\ in produced by production processes for PVC ti.:edstocks. As a 
preliminary estimate. \\C can c.'<lrapolatc from th<o analysis of ICI's Runcorn Plant. which 

found dio.\in productit'n of n g TEO per 200.000 metric tonnes of EDC produced 
[Enl'ironment Agenc;. 1997!. Based on annual U.S. production oft I million metric 
tonnt:s of EDC [VI. 1996]. U.S. EDCIVCM plants 11 ould create an estimated 1-185 g 
TEO dio\in per year. assuming similar rates of dio\in generation. At least some portion 
of this dio\in 11ould be released to air. 11ater. and land. 

The vinyl industry ha5 argued that European data can not be applied to U.S. plants. The 
industry has not supplied data on dio\in contamination of11astes from its facilities in 
this country. h011T1er. to II II the gap. In the meantime. there is no n~ason to suppose that 
dio\in formation 11 ill be substantially different from similar facilities in Europe. Indeed, 
the U.S. Vinyl Institute has confirmed the presence oflo11 concentrations ofclio.\in in 
11astc 11ater samples from four U.S. plants that manufacture EDC.'YCM (Vinyl institute, 
1996J. As previously noted. samples from U.S. EDCIVCM plants obtained by 
Greenpt:ace and anal; zed at an independent laboratory contained e\tremel; high le1els 
ofdio\in [Costner. et. al.. 1995J. More recent samples of"light end" 11astes from 
Borden's facility in Louisiana contained 310 ppt TEO. 11hile samples of on-site 
remediation wastes at the PPG facility in Lake Charles. Louisiana-- from an old area for 
the clumping of tars -- contained dio\ins and furans at the e\tremcly high In el of 76.239 
pptJSantillo. 1996]. :\sa result. there can be no doubt that substantial quantities of 
diO\ins can be produced in PVC production in Europe and in the l.S. 

Dio.xins in Chlorint Production 

J: 1 en at the 1 cry root ·or the PVC li ti.'c: clc. dio\ins can be produced. More than 30 
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pc'rcc'nt ol'tlll' chlorine' producc'd in the 11orld is directed into PVC [SRL 1993]. so that 
PVC ~1~~1in is associate-d\\ ith more dio:-;ins produced in the chlohlikali process than any 
other product. In this prncess. chlorine' gas is produced by passing a pm1erful ekctric 
curre-nt thwu~h a solutiPn of salt \\ater. Carbon-contain in~ makrials arc pr·esent in these 
reactions <b trace Clllltaminants. as plastics in plant equipment. or as components of 
ekctm,b;. Durin~ and alter the chlor-alkali reaction. chlorine combines 11ith organic 
materialtll produce' diP,ins and other contaminants. Very high concentrations of dio:-;ins 
(up to 6:'0 ppb total). along 11 ith he:-;achlorobcnzenc, octachlorost: rene. and 
he\achlorocthane. h<Ih' been also found in the sludges from spent graphite electrodes 
used in thi,; pwcess I Rappe. 1991]. These results ''ere found in plants using graphite 
ekctr\llks. 

_;\lthou~h all chlorine plants in North America and man: in Europe have replaced 
graph ill' electrodes in recent years 11 ith titanium substituks. questions arise as to dio:-;in 
ltlr·ni;-Jti,,n cn:n at thc most modern chlor-alkali plants. Res.:archcrs [StrandciL ct. al.. 
199-1 as rcrortcd in \'t:rsar. 1996] ha\e rerorted that metal eketrodt: sludge from a 
EKilit: in S11edcn contained high lc1els ofPCDFs that might haw been l"tmried b: the 
chlorin~llillll ofpolye:clic aromatic hydrocarbons prcscnt in the ruhber linings of the 
elcctrol: tic cell. This research raises questions as to the e\tent to 11 hich modern chlorine 
rmduction processes create dio:-;ins. 

linanS\\ered Questions 

An accur<Ite quantilication of the total contribution of the PVC lifecycle to the global 
dio:-;in burden is not possible at this time duc a lack of important information. Data gaps 
include sitc-spccitic emissions to all mcdia and \laste streams from EDC/VCM/PVC 
planh: dio·\in rekascs associated 11 ith accidents. near-misses. pressure releases and 
other prnduction upsets at EDC/VCI'v\/PVC rroduction facilities (11hich may occur 11ith 
regularity): amounts of PVC on metals destined fix recycling: amounts of PVC invo!led 
in accidental tires (structural and transportation): and amounts of PVC othem ise burned 
in landfills and other combustion processes. 

Despite these uncertainties, there is no doubt that PVC is the cause of major dioxin 
releases from medical waste and municipal waste incineration, and appears to be 
an important chlorine donor in accidental fires and a number of metals recycling 
processes. Dio.\in gencration in many other aspects of the PVC lifecycle arpears to be 
signitiL'ant. but remains to be quantified. For e:-;ample. assessment of the total dio:-;in 
generation from PVC manuf~1cture complicated b: the use of different production 
technologies and the co-production of chlorinatcd solvents [Stringer. et. a!.. 1996]. 
lmrortant questions rcmain unans11·ered concerning the full e;.tent ofdio:-;in generation 
caused by the PVC lifecycle. Gathering the required objective information is a task that 
should be pursued aggressively by independent parties. not dclegated to the industry 
itself. 

Case Study 2: The PVC Industry's Voluntary Dioxin Study: Science or Public 
Relations 

A 199-1 "Crisis ivtanagement Plan for the Dioxin Reassessment" prepared for the Vinyl 
Institute (VI) by a rublic relations firm rrecisely forecasts the actions the industr: 
should tnke --and has taken-- since the release of EPA's dioxin reassessment. The 
document instructs the industry ho11 to portray scientific and technical information "to 
m·oid dr:selection of P 1 C by major customers and to prevent puniti\·e regulation of PIC 
by EP.-1. C ongrr:ss. or thr: state legislatures [Burnett. 199-1]." 

According to the document. the Vinyl Institute initiated the strategy just before EPA 
released its dioxin reassessment. because "EPA \rill likely conclude that the incineration 
ofchlorinated compounds is the single largest known contributor of dioxin ... 11·e be lien' 
that P 1 "C \rill be specijicalfy mentioned. and potentially slated for further regulation." 
The stratcgy advises industry representativcs on how to respond in the media. and it 
suggests that the industry enter into joint scientific activities 11ith EPA in order to avoid 
future regulation. 

According to the stratcg:: 

'Tiw short-term ohjecti\·e of the pion is to mitigate the effects of 
fHJ/1.'/lliul IU!.!fUii\·1.' press coverage by positioning thr \·inyl industry as o 
prooelin' and coopaativr entity. 11·orking in tandem lrith fPA to 
clwruc/eri::e and nzinimi::e sources o(dioxin. The vinyl industry must 
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·u,·fin·h· und o."gressii·eh· coniiilllnica/e ll'ilii!he nu:dia i!s commilllli'lll 
'" \I'Orking "·i!II lcP.·I to charactf'ri~c and minimi::e ony dim·in in the 
I'U' /if~cTcl,· 1rhile a/ the saiiif' time assating that based on reliable 

"'''" al·ailahl,· 10 dole. !he indusllT belicl'l'S its contribwion is minimal. 
Coo;>aalin· f'Osilioning is !he kn· eleincnt. solf'ly asserting thai PIC is 
u minor comril>u/or to !he problem 1rill rm(1· sen·e to misposition the 
indus/IT as 111/c'ilring and unrf'SfJOnSil'l" in the minds to /argf.'t 
uudic·nces.. fh<' most cl/~·cti\'(' 111essugc /'{can defi,·cr to respond ro 
( ;l'l'Cilfh'<let' <lii<llf'\Trag<' ils 0\1'/IfJOsition in tlw dio.Yin de bali' is tlw 
f(,l/o" ing 7k· 1·inl'i indus/IT suppous EP.-1 's objf'clil'i' o/idemij\·ing 
''"" reduci11g dia.Yin emissions and is \I'Orking H'ith EI'..J to det!'rmine 
rh,• h,·sr 1111'<1115 o(achie,·ing rho! goal [Burnl'tL 199.J j." 

St'lln ai'tu the stmtt:g' 11as 11rittcn. EPA and the Vinyl lnstitutl' announcl'd a plan by 
11 hil'i1 the industry 11nuld t:OOJKratc 11 ith EPA's Dio;,:in Reassessment by "sc:lf
char;JCtl'rizing" dio\in ~?missions from PVC production. This industry program is no11 
the onl: ,;ou1-cc ni'ncll data on dio;,:in/PVC links that enters thl' clio;,:in reassessment 
rrocl'ss. The inclustr: collects samrks from its 011 n rlants. analyzl's thl'ir dio;,:in content, 
interpret:; thl' data. <md submits it ttl EPA. \\'hilc the rrocess and results arc overseen by 
:1 "pl'l'r rc'l ic:11" panel. thl' industry ultimatl'ly can choosl' 11 here. 11 hen. and h011 samrks 
11 ill be t:1ken and anal; zl'd. and 11hich data are suitable for submission. Because 
infnrmatitlll about thl'5ampks --including the t:1cility from which they 11ere taken-- is 
conlidc:ntial. there is m1 11 ay for thl' revie11 commil!l'e. EPA or the rublic to kno11 
11 hc:ther sampling times or locations accuratel; rl'rreSellt typical or 11orst-case dioxin 
rc:kascs or h;l\ c been spl'cilically selected to pro1 ide favorable data. Nor is it possible to 
othcr11 isc c1 aluate. conlirm. or act on the information. 

The VI s~?lf-charactt:rization 11 ill not look at releases of dioxins throughout the cntirl' 
PVC likcyck but 11 ill consider only dioxin rl'kases during PVC production. The 
program on I: tests cenain potential dioxin discharge routes 11 ithout eYaluating the total 
gl'neration of dio;,:ins at these l~Kilitics !Vinyl Institute 1996]. The sampling program 
11 ill not c\amine many materials that arc potentially important sources of dioxin transfer 
and release. including recirculating materials in the manufacturing proc~?ss. products 
transferred to other t:1cilities in the EDC!VOvi/PVC manufacturing chain. and 11 astes 
transferred to regulated hazardous 11 astc treatment storage and disposal facilities. Of 
particular concern is the failure to el'aluatc highly-contaminated rroduction 11astcs: the 
industr: omits these 11 astcs from its program because they do not leave the "system 
boundar;" of the facility. although their incineration. land disposal or accidental rclease 
11 illlikl'l: result in thl'ir escarl' across this imaginary boundary. Finally. the program 
11ill not address the significant dio.\in emissions associated 11ith the disposal of PVC 
products. 

Thus far. the industr: has chosen to submit information only on those aspects of the 
PVC production that arc known to contain small amounts ofdio.,in (11aste11ater and 
resins) !Carroll. 1996]. By the time EPA finishes its rcassessmcnt. no data are e.\pcctcd 
to ha1e bcl'n submitted on thos~ aspects of production that could cause m<~or dioxin 
~?missions. Data on 11aSt~11ater treatment sludges and on incinerator stack gases are not 
e\pected until mid-1997. **** No data from Phase 2 of the industr:'s characterization 
program. including vin: I chloride monomer. sp~nt catalyst. and chlorinated sohent co
products 11 ill a1ailabk for some tim~ to come. rvteani1hile. the industry continues to 
gro11 rapidly. building ne11 production facilities and e\panding sales. e;,:ports, and 
production capacity. 

·The VI's testing program to elate has d~monstrat~cl numerous limitations. First. the peer 
re1 ic11 committee 11·as not brought into the program until it 11·as already in progress. 11 ith 
most of the Phase I sam piing complete. The committe~ thus had no meaningful 
opportunit: to e1 aluatc th~ design of the sampling program or to audit its performance. 
StilL thl' committee has noted sell'rallimitations in the study including the 1oluntary 
participation of Vlmc:mber companies. possible undocumented differences in field 
sampling protocols by participating companies. the relatively lo11 number of wastewater 
treatment systems sampled. lack of docum~ntation on fugiti1e releases of EDC prior to 
purilication. and the fact that the study has been cksigncd to characterize normal process 
operations and not upsets or accicknts. which occur 11ith regularity [Vinyl Institute. 
I<J96f. Additionally. there is no attempt in the sampling program to conduct singk-planL 
multi-media studies (total dioxin emissions from a single plant). 

It is n:asonablt: lc)r an: industry 11 ith rotential impacts on publ,ic health anclthl' 
en1 ironment to be sub_ic:ct to independent c1aluation. not "sell~characterization." The 
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1 in~ I industr~ in particular has demonstrated a rKcd for o1crsight. As early as 19-19. the 
industry kne11 that \YOrker e:\posure to vinyl chloride monoma. a knmm human 
can:inog.en. could cause li1 er damage in humans. E1cn 11ith information from additional 
studies in the 1950s and 1960s. the indus!~ failed to take action to protect worker and 
public health fwm \'Ci\1 e:\flOSure. Only 11hen studies rc1·eakd an association 11ith rare 
li1cr cancer deaths in the early 1970,,; did the indust~ admit the hazards of vinyl 
chloride. The Ll.S. Second Circuit Court noted. "Indeed the record sho11·s \l'hrll can only 
hL' descrihL'd os o course o(conrinut>d procrosrinorion on the part of the indus/IT 10 

fWO!ecttlze /in•s o(i!s <'lllf>lon'cs." \\"hen the Occupational Safety and Health 
;\dministration (OSHA) pmposed a lo\\cr occupational health standard for VCM 
c:\pusure. the industr~ took OSHA to court. arguing that the nc'' limit ''ould de1 astak 
the industr·y. But'' hen the court upheld OSHA's c:\posure limit. the industry \\aS able to 
irnplcment ne\\ technologic·,; and reduce <':\posure k1els \\ithin I year whik e.\panding 
its oper·ations !Ashford and Caldart. 1991]. 

Notes 
*Researchers hale' noted that dio:\ins contained in EDC 11astes are generally dominated 
b~ the octa-chlorinated dibenzofurans (OCDFs). These octa-chlorinated dio,ins and 
furans recc:in:: r·e!nti1el~ lo11 11cighting in TEQ schemes [Johnston and Troendle. 1993]. 
Thus. the nwss balance' ot'tntal dio,ins in EDC 11astes (and emissions from these plants) 
is much larg..:r. 

** The integr·ated prnccss appears to be us.::d by some facilities in the United States. This 
integrated proc.::ss could kad to the generation ot' 11·astcs 11·ith e1-cn higher dio:xin kvels. 

***In some ot'these studi.::s other production t'acilities may have e.\isted in th.:: area or 
production ot' other chlorinat<.'d chemicals rnay have occurred at the same 1:1cilities. 

**** While these r.::sults rnay be submitted to EPA before the dio,in reassessment is 
released. they are not like!~ to be incorporated into the final document. 

i\h.::ad to Phasing Out PVC 

This report t Greenpence 1997 
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ABSTRACT 

The requirements commonly accepte-d 13 requisite for PCDD!F formation in thermal proc~SC$ of coal 

and coke (presence of carbon, chlorine, metal Cllt.alysts, and adequate temperature) were also found to ex.ut 

in senral places within the ga~ manufacturing proces5. The coal and coke use-d in gas manufacturing typiwty 

contained up to about 95% carbon and 0.1% chlorine, which, at the operating temperature$ seen in most 

older, carburetted water gas units, were sufficient for chlorination reactions to occur. Reactor conditions also 

suggest that PCDD/Fs could be fonne-d during the gas generating process as well as in the waste strellms. The 

gas generating unit has a well-defined temperature proftle with maximum temperatures of lOOO'C occurring 

·~·it bin I he bottom of the charge. PCDD/F formation could occur in the upper cooler zone (possibly associated 

'1\ith fly ash) near the gas exit. In addition, PCDD/F fonnation could occur where residence times are longer 

:1uch as the fly ash outlet and bottom ash outlet!. © 1997 Elsevier Science Ltd 

XNTRODUCTION 

Despite the exten.si ve amount of information published on sources of polychlorinated dibenzo-p-diox.ins and 

dibenzofurans (PCDD/Fs), the U.S. Environmental Protection Agency (EPA) and others have acknowledged that 

there remain a significant number of unidentified PCDD/F sources (EPA, I 995). Over the past twenty-five years, 

:;cientific research has demonstrated that PC DOfFs are generated during a v.ide range of activities including pesticick 

(Cochrane et al., 1982), paint, dye, and pigment production (Remmers et al., 1991; Williams el al., !992; Christman.o 

r.t al., 1989; LeBel et al., 1991); petroleum refining (API, 1990); paper pulp bleaching; metallurgical processes 

(Theisen et al., 1993); combustion processes such as hazardous waste, medical waste, municipal solid waste, and 

:;ewage sludge incineration (Heindl and Hutzinger, 1989; Fiedler, 1993 ); and the incineration of polychlorinated 

biphenyls (PCBs) (Buser et al., I 978). PCDD/Fs have also been detected in still bottoms from dry cleaners (Towara 

c1 aJ., I 992), automobile exhaust, soot from the chimneys of residential wood stoves, and in commercial detergents 

(fulp~ et aJ., 1990; Lahl, 1993; Rappe and Andem.on, 1992). 

Several recent studies have demonstrated that the combustion of coal in utility boilers may be a significant · 

~.ource of PCDD!Fs to the environment (Rotard et al., 1994; Frankenhaeuser et al., 1993, 1994; Ruuskanen et al., 

1994; Tllub et al., 1995; Cains and D~ke, 1994). Because of similarities in the feedstock and processing, the 
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production of m.mufactured gas from coal may also be an important source of PCDD/Fs. For instance, during ga:; 

m3J1ufacturing, coal is heated and the gases, residues, and ash are cooled through the temperature range that is optimal 

for PCDD/F fom1ation. Other conditions requisite for PCDD/F formation in coal combustion, including carbon, 

chlorine and mct:ll caL"l!ysts, also exist during the thermal processing step of gas manufacture. The concern that g~; 

production from coal and coke may be a source of PCDD/Fs was first raised by the EPA (Page eta!., 1978) in its 

guideline document for preparation of test p13J1s for coal gasification plants. The document specifically identifi~: 

PCDD/Fs as potential cont.m1inants from these facilities, yet no studies have been published that attempt to coniirm 

the presence of these compounds at gas plants or that examine the possible formation of these compounds during gas 

manufacturing. 

For almost 200 years, gas manufacturing provide<l a cheap source of gas to residential consumers in the United 

States. Its use has only recently been restricted to supply during peak demand due to the advent of reliable natural 

gas piJXIines. The operations surrounding gas manufacturing were extensive. For example, according to historical 

records, gas manufacturing occurred along the Passaic River in New Jersey from the late 1800's until the 1970's. Ten 

plants were required to meet the needs of northern New Jersey communities such as Newark, Jersey City and 

Paterson. Of these plants, the four largest were each capable of producing 15 million to 40 million cubic feet of gas 

per day (Public Service Review, 1924). 

Although gas manufacturing plants exist throughout the United States, a particularly large amount of data is 

available regarding the facilities and operations on the Passaic River in northern New Jersey. Consequently, much 

of the infom1ation provided and discussed in this paper is taken from this pool. However, bec3use gas manufacturing 

proces..<.eS were similar throughout the country, the conclusions dra\VTI are expected to be applicable to the industry 

as a whole and not solely to the plants from which the data were obtained. 

The specific objectives of this study were to: (!)review the processes by which PCDD/F formation occur 

in thermal reactions of coal and coke, (2) review the gas manufacturing process v.ith special emphasis on reactor 

conditions that may be suitable for PCDD/F formation, and (3) compare the conditions under which PCDD/F 

formation occurs in thermal reactions to those conditions existing in gas manufacturing to assess whether PCDD/F 

formation could have been a component of gas manufacturing waste streams. 

t'>fECHANISMS OF PCDD/F FORMATION IN THERMAL REACTIONS OF COAL MD COKE 

The minimal requirements necessary for PCDD/F formation are well-documented and include a source of 

carbon, a source of chlorine, and thermal conditions exceeding approximately 200'C (EPA, 1980; Addink et al., 

1991 ). Although the pre{:ise mechanism by which PCDD/Fs are formed in thermal reactions such as combustion, 

incineration, and other non-specific thermal events has not been clearly elucidated, (Dickson et al, 1992; FieDler, 

1993) several theories have been postulated (Dickson et al., 1992; Add ink et al., 1995; Halonen et al, 1995; Chang 

and Huang, 1996). The four prevailing PCDD/F formation me{:hanisrns are: 

(1) Native PCDD/Fs enter the system and undergo dechlorination!rechlorination; 
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(ll) PCDDIFs are formed through various ring formations and rearrangements of chlorinated precursors 

such as PVC, PCBs, and chlorinated benzenes; 

(Ill) PCDDIFs are fom1ed from appropriate non-chlorinated orgmic species (i.e., PAHs, lignins, etc.) that 

partially breakdo\\n and undergo rearrangement and chlorination; and, 

(l V) PCDDIFs arc formed via de no1•o synthesis on the surface of particulate carbon. 

The primary ditTerence among these mechanisms is the source of t11e carbon in the final PCDDIF products. 

Specifically, was the carbon originally organic or inorganic, chlorinated or non-chlorinated? A v.ide range of 

chlorinated organic PCDD/F precursors have been described in the scientific literature including chlorophenols, 

o:hlorobcnzcnes, chlorimtro aliphatic hydrocarbons, PCBs, polyvinyl chloride, and dioxazine-. phthalocyaninc-, and 

chloranil-ba.':.ed dyes (Williams et al., 1992; Buser ct al., J 978; Rappe and Andersson, J 992; Heindl and Hut.<:inger, 

J 989). The fom1ation of PCDDIFs during the combustion of untreated wovd suggests that PCDDIFs are also formed 

from the breakdo\\11 and rearrangement of non-chlorinated organic macromolecules such as lignins (Nestrick eta!, 

1989). Finally, PCDDIFs can be formed in the absence of organic precursors, for example, during the chlorination 

and roasting of siliceous black ore, the smelting of steel and magnesium, and from particulate carbon on the surface 

of fly ash in the post-combustion chambers of boilers and incinerators (Oehme et al., 1989; Lahl, 1993; Add ink et 

al., 1990; Stieglitz et al., 1993; Schoonenboom et al , 1995) . 

The relative im~XJrtance of each of the formation mechanisms is dependent UIXJn the characteristics of the 

feedstock and the operating conditions of the system. The carbon present in coal and coke (the feedstocks in gas 

manufacturing) is preDominantly in the form of lignins. Lignin-type com~XJunds are degraded to smaller organic 

molecules such as methane and other volatile organics, FKJiycyclic aromatic hydrocarbons (P AHs), and various 

heterocycli~ wmpounds including diben.wthiophene and diben.wfuran (ERT, 1984; GRJ, 1987). Since these source 

wmpounds arc non-chlorinated and subjected to severe thermal wnditions, ortly formation mechanisms (lll) and (IV) 

\>:ould be expected to be important in gas manufacturing processes. Reaction time, however, may also innuence 

which of the PCDD/F formation mechanisms dominates. For example, Dickson eta!. ( 1992) concluded that the 

rdative importance of precursor-dependent PCDD/F formation (11 or Ill) versus de novo synthesis (IV) was primarily 

governed by residence time. They showed tllat precursor-dependent formation predominates under the relatively short 

residence time associated v.ith post-combustion and heat exchange sections of an incinerator, but that in ~XJI!ution 

control equipment such as electrostatic precipitators which have longer residence times ( 1-1000 seconds), de novo 

synthesis may make a significant contribution to PCDD/F emissions. 

Tne carbon wntent of the feedstock has been shov.n to affect the amount of PCDDIFs formed. In a study of 

- PCDD/F formation under de novo synthesis, Stieglitz et al. ( 1989) reporteD a good correlation between carbon content 

• 
arJd PCDD/F wncentrations under standard conditions of 300'C, !50 mg/L water vapor, I% KCI, and 0.4% CuCI1. 

The amount of PCDD/Fs formed increased v.ith increasing carbon wntent, until, at the highest carbon concentration 

evaluated (80%), no further increase in PCDD!Fs was observed. The authors attributed this to the depletion of 

' 
' 
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available chlorine. Similar relationships between CJibon content and an1ount of PCDD!Fs generated have been 

observed in studies of municipal solid waste incinerators and mixed waste utility boilers (Wunsch et al., 1994). 

!3oth the fom1 and concenl.r.ltion of chlorine appear to be factors in PC DOfF formation. \Vhile it is well-kn0\\11 

that Cl1 is the principal chlorinating agent in many PCDD!F-gencrating reactions such as PCB and trichlorophenol 

production (EPA, 1980). Hollman et al. (1990) concluded that it is probably not the chlorinating agent in de novo 

synthesis. Instead, they argue that HCI reacts with the fly ash surface to form a surface-bound chlorinating agent. 

Studies of PCDD/F formation during the incineration of municipal solid waste support this view. They indiC<Jte that 

volatile inorganic chlorides (e.g., NaCI and FcCIJ) formed during combustion condense on carbon particle surfaces 

at approximately 440'C and subsequently participate in the formation of chlorinated aromatic compounds such as 

PCDD/Fs (Fangmark et al., 1994). It has also lx:en suggested that the de no1·o formation of PCDD/Fs formed during 

the thermal reaction of fly ash results from the degradation of carbon and the formation of volatile halogenated 

organic compounds (Stieglitz et al, 1993). 

The effect of chlorine conccntr3tion on PC DDT fom1ation and distribution has been demonstrated in several 

studies. Mattila et al. (1992), for example, observed ir,creased PCDD/F formation -..ith increasing chlorine content 

of mixed fuels (coal, bark, and plastics). Thub el al. (1995) reported similar results for residential combustion of 

lignite. In this case, the researchers evaluated lignite \lith chlorine contents of either 300 or 2,000 ppm chlorine. The 

concentration of total PCDD.'Fs generated was aprroximately 3.5 times greater from the lignite \vith the higher 

chlorine content. S]XcifiC<JI!y, total PCDD.'F concentrations were 2,247 pg/m 3 and 7,540 pg/m 3 in the 300 and 2,000 

ppm chlorine content briquet1es, respectively. 

Metals present in the feedstock can serve as catalysts, greatly increasing the rate of PCDD/F formation 

(Stieglitz et a!., 1989; Halonen et al, 1995). According to Stieglitz et al ( 1989), copper chloride is particularly 

effective while other divalent metal.chlorides such as magnesium, zinc, mercwy, C<Jdmium, tin, and lead display only 

limited catal)1ic activity. Increasing the copJXr ion concentration during de no~·o synthesis resulted in a more than 

proportional rise in PCDD.'F formation. CopJXr is pa;'ticularly interesting because it has been found to assist in ring 

condensation reactions from materials such as chlorophenols (Add ink eta!., 1995; Gullet et al., 1992; Bruce et al., 

1991 ). Add ink et al. ( 1990) demonstrated that CuCI: e2talyz.es both ring closure and chlorination of the dibenz.ofuran 

and dibenzo-p-dioxin rings. Other studies indicate that catalysis by transition metals eroded from Oy ash particles 

occurs primarily through electrophilic substitution rezctions (Hoffman et al, 1990; Schoonenboom eta!., 1995), and 

that the formation of PCOD/Fs likely proceeds via a N•o-stage mechanism. The first step in this proposed mechanism 

is the chlorination of the carbon surface 2..1d the second is the oxidative decomposition of the chlorinated carbon to 

yield PCOD!Fs (Schoonenboom et al, 1995) 

Temperature is JXrhaps the most ~T.portant factor affecting PCDO/F formation. Under optimal combustion 

conditions (i.e., sufficient oxygen, mixing, and air flo·;.·), essentially all orgar1ic compounds including PCDD!Fs are 

destroyed at temperatures exceeding 800'C. Under less optimal conditions such as insufficient oxygen, however, 

PCOD/Fs may be fonmed even at elevated temJXra:-Jres (Gullet et a!., 1990). Furthermore, studies of PCDD!F 
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fonnation on the swface of fly ash have sho\\11 that PCDD/Fs may be formed at temperatures as low as 200'C, and 

u'lat such de no1·o fom1ation of PCDD/Fs is thcnnodynamically controlled (Addink ct al., 1990). Stieglitz ct al. 

( 1989) demonstrated that the optimal tempaature for PCDD/F fonnation on fly ash is 300'C: total PCDDs and total 

PCDFs formed were I 8.6 and 65 ng)g, respectively, at 250'C; I ,000 and 5,337 ng/g at 300'C; and 15.5 and 126 ng/g 

at 350'C. Low temfXrature formation of PCDD/Fs has been demonstrated by Fiedler ( 1993) as well. 

THE GAS MANUFACTURING PROCESS 

Gas manufacturing from coal or coke essentially involves the thennal conversion of coal to combustible gases. 

Gasification is achieved by subjecting the coal to a gasifying agent, such as steam, at temperatures above 700°C 

(Qadcr, 1985). Tar, sludges, spent o.xidcs, and ash are typical residuals and wastes (ERT, 1984). Depending on the 

type of cDal being processed, and the gas composition product desired, SDme or all of the following steps are required: 

(I) Pretreatment of the coal, invohing mild oxidation of the coal (by low temperature heating in the 

presence of air or oxygen) to destroy the caking characteristics of the coal; 

(2) Primary gasification of the coal, via them1al decomposition of the coal, at pressures up to I ,000 psi, 

"'ith air, oxygen, or stean1 additions as required to support combustion. The product is usually a low

BTU gas, with other components including tar, oils and phenols, and sometimes a solid char; 

(3) 

(4) 

(5) 

Secondary gasification of the carbonaceous residue (char) from the primary gasifier; 

Removal of carbon dioxide, hydrogen sulfide, and other gases; 

Shift conversion for adjustment of the caroon monoxide/hydrogen mole ratio to the desired ratio. 

Carbon monoxide and hydrogen produced in the steps aoove are reacted with steam to produce the 

ideal 3: I ratio of caroon monoxide and hydrogen for the production of methane at temperatures no 

greater than 400°(; and, 

(6) Catal)1ic methanation (hydrogasification) of the carbon monoxide/hydrogen mixture to fonn methane. 

One of the most common means of producing gas, especially from the early 1900s through the 1950s, was 

the carburetted water gas process. In New Jersey, for example, carburetted v.'3ter gas was produced at least from 1900 

to the mid to late 1940s (Public Service Review, 1924; PSE&G, 1996), and in more limited amounts, through the 

1970s. The plants were initially designed to produce "carburetted water gas" of medium thermal content (Public 

Service Reviewl924; Lutz, 1925; PSE&G, 1996). 

The basic process flow sheet for this carburetted water gas process is depicted in Figure I. Fuel, primarily 

coal and coke, was introduced to the gas generator at a rate of approximately 3- 4 tons!hr (Lutz, 1925). Note at this 

time (circa 1920) flow-through or moving-b..::d gas generators were not yet available, SD gas was produced in a batch

type mode where fuel was added as the previous charge was depleted in carbon (Morgan 1931; Speight, 1983; van 

Heeck, 1981 ). The use of multiple generating units provided a more or less continual generation of gas from hour 

to hour. Once in the generator, the fuel was heated by drawing air across the fuel bed and brought up to temperature 

' ' 
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with the generator vcnt in the open position (van Heeck, 1981; Morgan, 193 I; Lutz, 1925). When the operating 

temperature wa.s achic\'cd, steam and air were dra\~11 into the generator fuel and the vent closed. 

The water gas crt· a ted in the generator was dra\vn to the top of the unit, exiting into the carburettor at a 

temperature of about 550 to 700"C (van Heeck, 1981; Lutz, 1925). Here, a fine spray of oil was injected into the 

wJter gas stre:un and the mi:-.iurc dra\\11 into the brick-lined superheater set at a temperature of about I OOO"C. Once 

in the superheater, the oil was "gasified" into gases \\ith much higher thermal content. The ratio of fuel (coal and 

coke) to oil was approximately 4 kg of fuel to 4 liters of oil (Lutz, 1925). By adding the oil, the thermal content of 

the resulting gas was increased from about 11 MJ/ml to over 20 MJ/ml. After leaving the superheater, the gas was 

dra\\11 through a water b2.s~d "wash box" that served to collect non-gasified oil (which was drained for disposal) and 

then into a series of condensers and cleaners for removal of impurities (Lutz, 1925). The purified gas was piped to 

station meters and then to gas storage holders. The approximate composition of gas produced by this system at the 

Harrison Gas Pllllt in New Jersey is presented in Table I (Philipps, 1947). 

Figure I. Manufacture of Carburetted Water Gas 

Table I. Gas Composition in The Carburcttion Process the Harrison Gas Plant 

Component % 

Carbon monoxide 24.2 

Hydrogen 28.8 

Methane 16.6 

Carbon dioxide 5.1 

Nitrogen 16.0 

Other 9.3 
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PCOD/F FORMATION A~D RELEASE TO THE ENVIRONMENT OURlNG GAS MANL'FACTURlNG 

Ba.sed on the gas nnnufacturing process outlined above, it is postulated that PCDD/Fs may be formed from 

appropriate WKhlorinatcd orp.nic sp.:cies that partially breakd0\\11 and undergo rearrangement and chlorination 

(fom1ation mechanism (Ill)). and through de nOI'O synthesis on the surface of particulate carbon (formation 

mechanism (IV)). These reactions can take place at various stages of the process and depend upon both the 

composition of starting materials and the processing paran1eters used in gas manufacturing. 

Compos ilion of Raw Materials 

The composition of st:u1ing materials for gas manufacture varies widely depending on the source of the coal 

or coke. The carbon content of coals and cokes from various regions of the world ranges from approximately 35 to 

9~% by wt:ight (Thub et aL, 1995; Frankenhaeuser et al., 1994). In coals mined from Permsylvania the carbon content 

ranges from approximately 60 to SO% by weight (DOE, 1982). 

Chlorine, an impor1ant factor in PCDD/F formation, comprises approximately 0.0 I to 0.1% of US. coals 

(DOE, !9S2). The Paterson Gas Plant in New Jersey used coke as its primary fuel source and although no specific 

ruta are avai I able on its chlorine content, chlorine in coke is kn0\\11 to range from 0.0 I to 0.6 percent (Thibaut, 1963 ). 

Chlorine in coke and coal exists mostly in the form of salts such as NaCI, KCI, and MgCI 1 . These salts are kno\\11 

to be the primary sources of chlorine involved in thermal reactions of coal that ultimately result in the formation of 

PCDDfFs (Thub et al., 1995). Chlorine is also present in most plant-make-up waters providing an additional, but 

variable, source. 

Coal and coke also contain numerous metals at concentrations sufficient to catalyze the formation ofPCDD/Fs 

(Table 2). The concentrations in Table 2, for example, are comparable to those reported in metal-catalyzed de novo 

synthesis studies of PCDD!Fs (Addink et al., 1990; Stieglitz et al., 1985). 

Table 2. Coke and Coal Feedstock Inorganic Chemistry 

Trace Element 

As 

Be 

Cu 

Cd 

Hg 

Pb 

Sb 

Se 

Zn 

Cl 

'Wyanet al. ( 1980) 

1PSU:G, 19% 

Reported 

Concentrations (mg'kg)' in Coke 

0 5- 3.0 

1.0. s 0 

5.0. 100 

0.7. 3.0 

0.03-0.12 

9-69 

OS· 2 

1.0- 13.0 

37- 90 

6- 1440 

Harrison Gas Plant 

Coal (mglkg)' 

t -58 

0.07 -0.9 

5.2- 160 

0.03 - 3.4 

0.03- 0.85 

18·17 

0.2- 1.4 

1.0- 7.8 

2.3-62 

66-910 

·' 
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Gas Manufacturing Opaaling Ccln4ilion.s and PCDDIF ForfTlJJIWn 

Within the gas manufacturing prcx:css, S<:Veral locations exhibit wnditions suitable for PCDDIF formation . 

These include: 

(I) Tht gas generator rcacror: The generator contains burned and unburned wal and off gases. 

(2) Srock emissions origiruJiing from the reactor vents: These arc gas phase and particulate emissions 

emanating from the gas generator stack, the superheater units, and the steam generator boilers. 

(3) Ash and spent coke or coal exiting the boflom oft he reactor: These are wastes from the bottom of gas 

generators and utiliry boilers that are usually water sluice.d from beneath the generator and boiler 

grates. Residuals indude coal and wke dust, spent ash, and clinkers from below the generator grates. 

Gasifier ash, the residue from the gasification of coal, is similar in composition to fly ash. 

(4) Tar and oil wastc enriched in PAHs collected downstream of the reactor: These wastes consist of 

condensed gas and coal tar rt~sidues collected in water traps and condensers adjacent to product gas 

exhaust from the suJXrhe<~ter. 

Figure 2 (Stultz and Kitto, 1992) shows a typical v.<lter gas coal gasification reactor and associated 

temperature profile. In this unit, a column or bed of crushed coal or wke is supported by a grate. At the top of the 

generator, the coal is heated and dried while the product gas is cooled. The coal is further heated and devolatiliz.ed 

as it descends through the carbonintion wne. Below this area, the devolatilized coal is gasified by reaction with 

steam and carbon dioxide. The profile indicates that in the wmbustion zone, the maximum temperature for 

gasification is approximately l oocrc and occurs \vi thin the bottom to center of the charge. Spent coal and ash exit 

the bottom of the reactor at much lower temperatures (usually betv.een 200 and 50ifC). As in any stack emission, 

gases and particulates vented from ti1e top of the generator would also be expected to cool rapidly. 

Figure 2. Moving-Bed Gasifier (Dry Ash) 
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PCDDIF formation v.ithin a fixed bed reactor would tend to occur near the bot1om ash exit .,flere temperatures 

rapidly fall below soo·c or near the exit gas vents during heating or replacement of the charge. In both cases, 

temperature conditions for PCDDIF fom1ation are ideal. Fur1hem10re, there is sufficient chlorine and gas-phase 

c..vl:JVn for PCDDIF formation to occur within the reactor. Coal and coke contain salts such as FeCI3, MgCI2, NaCI 

and KCI as well as catalysts such as CuCI1, CuCI, and FcCI 3. If, for example, Na and Mg chlorides control the 

st.1bility of chlorine in coal (}.fohan1madi, 1992) then c.1kulations demonstrate that Cl (as HCl) off-gas concentrations 

could range from I 0 11 M to 10·1 M in the reactor over a temperature range of 400"C to I OOO"C. These conditions are 

consistent with other combustion processes in which the burning of fuel containing carbon and chlorine results in 

PCDD!F formation (Chaudhry and Hutzjngcr, 1983) 

It has also been reported that under less-than-optimal conditions (such as insufficient oxygen), PCDD/Fs may 

be fanned at temperatures that norn1311y would exceed the threshold temperature of 800 °( for PCDD/F formation 

(Gullet et al, 1990). Insufficient oxygen \\ithin the generator reactor frequently leads to the formation of numerous 

PAH-type compounds, especially during the phase of gas production, where steam injection eliminates air in the 

generator house. While generator temperatures typically exceed 800"C, PCDD/F formation .,ithin the generator may 

still occur. 

The kno\\TI production of P AHs during the coal gasification process is an important indicator for simultaneous 

PCDD/F production because the formation of P AHs in coal ash is thought to be similar to the formation of PCDD/Fs 

(Gohda et al., 1993). Formation ofPAHs and possibly PCDD/Fs could result from: 

(I) 

(2) 

(3) 

inadequate supply of combustion air, resulting in fuel rich pockets and incomplete oxidation, 

low combustion temperatures, resulting in slow and incomplete combustion, and 

insufficient turbulence, resulting in inadequate mixing (can cause fuel rich pockets or cool zones). 

Compounds, including PAHs and PCDD/Fs, that have fom1ed in the generator are subsequently concentrated 

with condenser fluids and tars. Mohr ar1d King (1985) report that the condensate water from gasifiers is 

contaminated .,;th high concentrations of phenols and other organic compounds. PCDD/Fs are thus also likely to 

accumulate in condensate water. 

Venting of stack gases and ash occurred as a normal part of the gasification cycle. For instance, c.arburet1ed 

water gas generators at older plants operated intermittently with alternate periods ofblo.,ing and gasification c.alled 

"blow-or-make" (Schilling eta!., 1981). In the first phase, blo.,ing air was used as described earlier to heat the 

generator by the combustion of coke. In the second phase, the incandescent coke was treated "'ith steam to cause an 

endothermic reaction that cooled the coke and produced water gas "'ith high contents of carbon monoxide and 

hydrogen. This gasification was then followed by another period of air blo"'ing to re-heat the generator. During 

healing, the vents in the generator chambers were always open to allow venting of unwanted gases and particulates. 

The role of flue gas particulates and fly ash is likely important in PCDD/F formation in gasifier processes. 

A.5 noted by Chaudhry and Hutzinger ( !983 ), PCDD/Fs are formed from aromatic precursor compounds adsorbed 
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onto the reactive surface of tly ash entrained in combustion plasmas. Formation occurs in regions where the 

temperature of the combustion ofT-gasses has co..1led to 200 to 400"C. Chloride ions from inorganic sources such as 

copper chloride may act as gaseous-phase catJlysts to promote surface reactions that convert aromatic precursor 

compounds to chlorinated d1oxins and dibcl12Dfurans. In the case of carburetted water gas production, oil introduced 

in the supnhc.:Jtas conLlins numcrol!S lr3cc metals including nickel, vanadium, molybdenum, zinc, lead, chromium, 

and copper that may also serw tc1 c.:Jtalyze PCDD.'F fom1ation on fly or bottom ash surfaces (\Vhiticar et al., 1992). 

Other J.X'Ssible f'.:lthways for PCDD/F fom1ation arc associated with the flue gas and bottom ash waste stream 

and may prove important for gas manufacturing processes. For cxan1ple, PCDD/Fs have been synthesized through 

rc.1ction of carbvnaceous particu!Jte matter cont.1irung Mg- and At-silicates i.n the presence of CuC1 1 at a temperature 

of 300°C (Stieglitz ct al. 19S9) This reaction has also yielded chlorinated benzenes, chlorinated biphenyls, and 

chlorinJtcd naphthalenes. which are waste strcan1 components common in gas manufacturing. 

SUi\1i\1ARY A:\0 CO.'\CLUSIO:\S 

Based on historical records for gas manufacturing plants located in New Jersey, it has been demollStrated that 

many of the chemical and physical requirements for PCDD/F formation were present during the production of 

manufactured gas. These requirements (specifically, the presence of carbon. chlorine, metal catalysts, and adequate 

temperature) were met in several areas of a typical carburetted water gas plant. Th~ include gas phase and 

particulate emissions emanating from the gas generator stack, the superheater units, the steam generator boilers; ash 

and spent coal originated from the bottom of the gas generator and utility boilers; and condensed gas and coal tar 

residues collected in water traps and rondellSers adjacent to product gas exhaust from the superheater. The coal and 

coke used in gas manufacturing typically contained up to about 95% carbon and 0.1% chlorine, which, at the 

. operating temperatures seen in most older, carburetted water gas units, were sufficient for chlorination reactions to 

occur. Large amounts of metals and metalloids, which have been shov.TI to promote PCDD/F formation in similar 

situations, have also been found in bottom ash. fly ash, and condenser wastes. Numerous PCDD/F precursor 

compounds and other organic substrates also existed, particularly in downstream gas clean-up processes. The high 

amounts of P A.Hs obser\ed in gasifiwtion waste supports the presence of conditions suitable for PCDD/F formation. 

Reactor conditions suggest that PCDD.'Fs could be fonned during the gas generating process as well as in the 

waste streams. The gas generating unit has a well-def1ned temperature profile with maximum temperatures of I OOO"C 

occurring within the bottom of the charge. PCDD/F formation could occur in the upper cooler zone (possibly 

associated \~ith fly ash) ncar the gas exit. Since P.A..H compounds escape the superheater, are possibly fanned there, 

and are collected in large quantities v.ith.in the condenser fluids, PCDD/Fs may fonn and collect in a similar fashion. 

In addition, PCDD/F formation could occur wher~ residence times are longer, such as in the fly ash outlet and oottom 

ash outlets. 

Gas manufacturing production has, in general, decreased significantly over the last 20 years. However, based 

on the numerous process residuals produced from these facilities (PSE&G, I 996), it is oat unreasonable to suspect 
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that these process wastes represent an on-going souru ofPCDD/Fs to the environmenl This seems especially likely 

in the: case of stack emissions which may have impacted a \\ide area and now circulate in the environment as 

components of urban runoff. 

Because the conditions requisite to formation ofPCDD/F fonnation appear to be present in gas manufacturing, 

especially the earlier carburetted water gas process, the challenge now lies in determining if PCDD/Fs from this 

source can be identified within the environment. As noted previously, no studies have been published that attempt 

to confirm the existence of these compounds at gas plants or examine the possible formation of these compounds 

during gas manufacturing. Because of the need for large volumes of water for cooling and cycling of waste and 

process residuals, many former gas manufacturing plants lie along waterways. Sediment and soil located at these 

facilities sould be exan1ined to confirm the extent to ~J.ruch PCDO;'Fs are associated v.1th gas manufacturing facilities. 
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40 CFR 
Protection of Environment 

CHAPTER I 
ENVIRONMENTAL PROTECTION AGENCY (CONTINUED) 

SUBCHAPTER I-- SOLID WASTES (CONTINUED) 

PART 261 --IDENTIFICATION AND LISTING OF HAZARDOUS \VAST£ 

Sec. 
lill Purpose and scope. 
2Ql1 Definition of solid waste. 
2_61.3 Definition of hazardous waste. 
2_Ql.1 Exclusions. 

Subpart A -- General 

2_61.5 Special requirements for hazardous waste generated by conditionally exempt small quantity generators. 
2_61.6 Requirements for recyclable materials. 
lill Residues of hazardous waste in empty containers. 
2_61.8 PCB wastes regulated under Toxic Substance Control Act. 
~61.9 Requirements for Universal Waste. 

Subpart B --Criteria for Identifying the Characteristics of Hazardous Waste and for Listing Hazardous Waste 

2_Q..L_L() Criteria for identifying the characteristics of hazardous waste. 
l_Q..Lll Criteria for listing hazardous waste. 

Subpart C --Characteristics of Hazardous Waste 

General. 
Characteristic of ignitability. 
Characteristic of corrosivity. 
Characteristic of reactivity. 
Toxicity characteristic . 

f_!S 1.3() General. 

Subpart D --Lists of Hazardous Wastes 

7/30/200:<: 10:47 AM 



Code of Federal Rc·gulations Search Results http://ecfrb~ll'k.acccss.gpo.gov/otcgi/cf. .. iew&SUBSET=SUBSET &FROi\ I= I &SIZE= 1 O&ITEM= I 

• 

• 
2 of22lJ 

~'_0_12 Hazardous wastes from non-specific sources. 
;;'(ll.32 Hazardous wastes from specific sources. 
~·(, 1.3.3 Discarded commercial chemical products. ofT-specification species, container residues, and spill residues thereof. 
~'(11.35 Deletion of certain hazardous waste codes following equipment cleaning and replacement. 
~'(11.38 Comparable/Syngas Fuel Exclusion. 
:\ppcndix I to Part 261 -- Representative Sampling Methods 
:\ppendix II to Part 261 --1VIethodl3ll Toxicity Characteristic Leaching Procedure (TCLP) 
.'\ppendix Ill to Part 261 --Chemical Analysis Test l'vlcthods 
f\ppendi.\ IV to Part 261 --[Reserved for Radioactive Waste Test l'vlethods] 
:\ppendix V to Part 261 --[Reserved for Infectious Waste Treatment Specifications] 
.'\ppenclix VI to Part 261 --[Reserved for Etiologic Agents] 
Appendix VII to Part 261 --Basis for Listing Hazardous Waste 
Appendi.\ VIII to Part 261 --Hazardous Constituents 
Appendi.\ IX to Part 261 --Wastes Excluded Under §§260.20 and 260.22 

.-\uthority: 42 U.S. C. 6905, 6912(a). 6921, 6922. 6924(y) and 6938. 

Source: 45 FR 33119, 1v1ay 19, 1980, unless otherwise noted. 

Subpart A -- General 

[TOP] 
§261.1 Purpose and scope. 

(a) This part identifies those solid wastes which are subject to regulation as hazardous wastes under 
parts 262 through 265,268, and parts 270,271, and 124 ofthis chapter and which are subject to the 
notification requirements of section 3010 of RCRA. 1 n this part: 

(I) Subpart A defines the tenns "solid waste" and "hazardous waste", identifies those wastes which are 
excluded from regulation under parts 262 through 266, 268 and 270 and establishes special managemem 
requirements for hazardous waste produced by conditionally exempt small quantity generators and 
hazardous waste which is recycled. 

(2) Subpart B sets forth the criteria used by EPA to identify characteristics of hazardous waste and to li5.t 
pmiicular hazardous wastes. 

(3) Subpart C identifies characteristics of hazardous waste. 

(4) Subpart D lists particular hazardous wastes. 

(b)( 1) The definition of solid waste contained in this part applies only to wastes that also are hazardous 
for purposes of the regulations implementing subtitle C of RCRA. For example, it does not apply to 
materials (such as non-hazardous scrap, paper, textiles, or rubber) that are not otherwise hazardous 
\\'astes and that are recycled. 

(2) This part identifies only some of the materials which are solid wastes and hazardous wastes under 
sections 3007, 3013, and 7003 of RCRA. A material which is not defined as a solid waste in this part, or 
is not a hazardous waste identified or listed in this part, is still a solid waste and a hazardous waste for 
purposes ofthese sections if: 

(i) In the case of sections 3007 and 3013, EPA has reason to believe that the material may be a solid 
waste within the meaning of section I 004(27) of RCRA and a hazardous waste within the meaning of 

7/30/2002 10:47 AM 
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section I 004(5) of RCRA; or 

(ii) In the case of section 7003, the statutory elements are established. 

(c) For the purposes of§ §261.2 and 261.6: 

(I) A "spent material" is any material that has been used and as a result of contamination can no longer 
~.erve the purpose for which it was produced without processing; 

(2) "Sludge" has the same meaning used in §260.10 ofthis chapter; 

(3) A "by-product" is a material that is not one of the primary products of a production process and is 
not solely or separately produced by the production process. Examples are process residues such as slags 
or distillation column bottoms. The term does not include a co-product that is produced for the general 
public's use and is ordinarily used in the fom1 it is produced by the process. 

(4) A material is "reclaimed" if it is processed to recover a usable product, or if it is regenerated. 
Examples are recovery of lead values from spent batteries and regeneration of spent solvents. 

(5) A material is "used or reused" if it is either: 

(i) Employed as an ingredient (including use as an intem1ediate) in an industrial process to make a 
product (for example, distillation bottoms from one process used as feedstock in another process). 
However, a material will not satisfy this condition if distinct components of the material are recovered 
as separate end products (as when metals are recovered from metal-containing secondary materials); or 

(ii) Employed in a particular function or application as an effective substitute for a commercial product 
(for example, spent pickle liquor used as phosphorous precipitant and sludge conditioner in wastewater 
treatment). 

(6) "Scrap metal" is bits and pieces of metal parts (e.g.,) bars, tumings, rods, sheets, wire) or metal 
pieces that may be combined together with bolts or soldering (e.g., radiators, scrap automobiles, railroad 
box cars), which when worn or superfluous can be recycled. 

(7) A material is "recycled" if it is used, reused, or reclaimed. 

(8) A material is "accumulated speculatively" if it is accumulated before being recycled. A material is 
not accumulated speculatively, however, if the person accumulating it can show that the material is 
potentially recyclable and has a feasible means of being recycled; and that-- during the calendar year 
(commencing on January 1) -- the amount of material that is recycled, or transferred to a different site 
for recycling, equals at least 75 percent by weight or volume of the amount of that material accumulated 
at the beginning of the period. In calculating the percentage of turnover, the 7 5 percent requirement is to 
be applied to each material of the same type (e.g., slags from a single smelting process) that is recycled 
in the same way (i.e., from which the same material is recovered or that is used in the same way). 
Materials accumulating in units that would be exempt from regulation under §261.4( c) are not to be 
included in making the calculation. (Materials that are already defined as solid wastes also are not to be 
included in making the calculation.) Materials are no longer in this category once they are removed from 
accumulation for recycling, however. 

(9) "Excluded scrap metal" is processed scrap metal, unprocessed home scrap metal, and unprocessed 
prompt scrap metal. 

71'<()!7()()';• 10·L1"7 AM 
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(I 0) "Processed scrap metal" is scrap metal which has been manually or physically altered to either 
separate it into distinct materials to enhance economic value or to improve the handling of materials . 
Processed scrap metal includes, but is not limited to scrap metal which has been baled, shredded, 
sheared, chopped, crushed, flattened, cut, melted, or separated by metal type (i.e., sorted), and, fines, 
drosses and related materials which have been agglomerated. (Note: shredded circuit boards being sent 
for recycling are not considered processed scrap metal. They are covered under the exclusion from the 
clennition of solid waste for shredded circuit boards being recycled (§261.4(a)(l3)). 

(II) "Home scrap metal" is scrap metal as generated by steel mills, foundries, and refineries such as 
turnings, cuttings, punchings, and borings. 

(12) "Prompt scrap metal" is scrap metal as generated by the metal working/fabrication industries and 
includes such scrap metal as turnings, cuttings, punchings, and borings. Prompt scrap is also known as 
industrial or new scrap metal. 

[ 45 FR 33 I I 9, l\·lay I 9, I 980, as amended at 48 FR I 4293, Apr. I, I 983; 50 FR 663, Jan. 4, I 985; 5 I FR I 0174, Mar. 24, 
I 986; 5 I FR 40636, No\. 7, I 986; 62 FR 260 I 8, tvlay I 2, I 997] 

ITOPJ 
§261.2 Definition of solid waste. 

(a)( 1) A solid >vaste is any discarded material that is not excluded by §261.4(a) or that is not excluded 
by variance granted under §§260.30 and 260.31. 

(2) A discarded material is any material which is: 

(i) Abandoned, as explained in paragraph (b) ofthis section; or 

(ii) Recycled, as explained in paragraph (c) ofthis section; or 

(iii) Considered inherently waste-like, as explained in paragraph (d) ofthis section; or 

(iv) A military munition identified as a solid waste in 40 CFR 266.202. 

(b) Materials are solid waste if they are abandoned by being: 

( 1) Disposed of; or 

(2) Bumed or incinerated; or 

(3) Accumulated, stored, or treated (but not recycled) before or in lieu of being abandoned by being 
disposed of, burned, or incinerated. 

(c) Materials are solid wastes if they are recycled-- or accumulated, stored, or treated before recycling .. _ 
as specified in paragraphs (c)(l) through (4) ofthis section . 

( J) Used in a manner constituting disposal. (i) Materials noted with a"*" in Column 1 of Table I are 
solid wastes when they arc: 

111f\/"1()f\') lf\.;17 A r-..A 
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(A) Applied to or placed on the land in a manner that constitutes disposal; or 

(B) Used to produce products that are applied to or placed on the land or are otherwise contained in 
products that are applied to or placed on the land (in which cases the product itself remains a solid 
\\aste). 

(ii) However, commercial chemical products listed in §261.33 are not solid wastes ifthey are applied to 
the land and that is their ordinary manner of use. 

(2) Bunzingfor energv recO\'CIJ. (i) Materials noted with a"*" in column 2 of Table 1 are solid wastes 
\\·hen they are: 

(A) Burned to recover energy; 

(B) Used to produce a fuel or are otherwise contained in fuels (in which cases the fuel itself remains a 
solid waste). 

(ii) However, commercial chemical products listed in §261.33 are not solid wastes ifthey are 
themselves fuels. 

(3) Reclaimed Materials noted with a"*" in column 3 ofTable 1 are solid wastes when reclaimed 
(except as provided under §261.4(a)( 17)). Materials noted with a " -- "in column 3 of Table 1 are not 
solid wastes when reclaimed. 

( 4) Accumulated speculatively. Materials noted with a "*" in column 4 of Table 1 are solid wastes when 
accumulated speculatively. 

Spent Materials ............ . 
Sludges (listed in 40 CFR 
Part 261.31 or 261.32 ..... . 

Sludges exhibiting a 
characteristic of hazardous 
waste ..................... . 

Ey-products (listed in 40 
CFR :2 61. 31 or 2 61. 3 2) ..... . 

Ey-products exhibiting a 
characteristic of hazardous 
'daste ..................... . 

Commercial chemical products 
listed ln 40 CFR 261.33 .... 

Scrap metal other than 
excluded scrap metal (see 
261.l(c)(9)) .............. . 

Use constituting 
disposal (Sec. 

261.2(c) (1)) 

1 

( *) 

( *) 

( *) 

( *) 

(*) 

( *) 

( *) 

Table 1 

Energy recovery/ 
fuel (Sec. 

261.2(c)(2)) 

2 

( *) 

( *) 

( *) 

( *) 

( *) 

( *) 

( *) 

Reclamation 
261.2(c) 

(except as p 
in 261.4 (a) ( 
mineral pr·::> 

second a 
materi:J. 

Nate: The terms ''spent materials, 11 ''sludges, 11 ''by-products, 11 and ''scrap metaL 
metal' 1 are defined in Sec. 261 .1. 
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(d) lnlzerent!y wasre-!ike nwreria/s. The following materials are solid wastes when they are recycled in 
any manner: 

(I) Hazardous Waste Nos. F020, F021 (unless used as an ingredient to make a product at the site of 
generation), F022, F023. F026, and F028. 

(2) Secondary materials fed to a halogen acid furnace that exhibit a characteristic of a hazardous waste 
or are listed as a hazardous waste as defined in subparts CorD of this part, except for brominated 
material that meets the following criteria: 

(i) The material must contain a bromine concentration of at least 45%; and 

(ii) The material must contain less than a total of I% of toxic organic compounds listed in appendix 
VIII; and 

(iii) The material is processed continually on-site in the halogen acid fumace via direct conveyance 
(hard piping). 

(3) The Administrator will use the following criteria to add wastes to that list: 

(i)(A) The materials are ordinarily disposed of, burned, or incinerated; or 

(B) The materials contain toxic constituents listed in appendix VIII of part 261 and these constituents 
are not ordinarily found in raw materials or products for which the materials substitute (or are found in 
raw materials or products in smaller concentrations) and are not used or reused during the recycling 
process; and 

(ii) The material may pose a substantial hazard to human health and the environment when recycled. 

(e) Materials that are nor solid waste when recycled. (1) Materials are not solid wastes when they can be 
shown to be recycled by being: 

(i) Used or reused as ingredients in an industrial process to make a product, provided the materials are 
not being reclaimed; or 

(ii) Used or reused as effective substitutes for commercial products; or 

(iii) Returned to the original process from which they are generated, without first being reclaimed or 
land disposed. The material must be returned as a substitute for feedstock materials. In cases where the 
original process to which the material is returned is a secondary process, the materials must be managed 
such that there is no placement on the land. In cases where the materials are generated and reclaimed 
within the primary mineral processing industry, the conditions of the exclusion found at §261.4(a)(17) 
apply rather than this paragraph. 

(2) The following materials are solid wastes, even if the recycling involves use, reuse, or return to the 
original process (described in paragraphs (e)(!) (i) through (iii) of this section): 

(i) Materials used in a manner constituting disposal, or used to produce products that are applied to the 
land; or 
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• 
(ii) Materials burned for energy recovery, used to produce a fuel, or contained in fuels; or 

(iii) I'Vlaterials accumulated speculatively; or 

(iv) ivlatcrials listed in paragraphs (d)(l) and (d)(2) ofthis section. 

(t) Documentarion ofc!aims rhat marcrials are not solid wastes or are conditionally exempt from 
regulation. Respondents in actions to enforce regulations implementing subtitle C of RCRA who raise a 
claim that a certain material is not a solid waste, or is conditionally exempt from regulation, must 
demonstrate that there is a known market or disposition for the material, and that they meet the tenns of 
the exclusion or exemption. In doing so, they must provide appropriate documentation (such as contracts 
5howing that a second person uses the material as an ingredient in a production process) to demonstrate 
that the material is not a waste, or is exempt from regulation. In addition, owners or operators of 
facilities claiming that they actually are recycling materials must show that they have the necessary 
equipment to do so. 

(50 FR 664, Jan. 4, 1985, as amended at 50 FR 33542, Aug. 20, 1985; 56 FR 7206, Feb. 21, 1991; 56 FR 32688, July 17, 
1991; 56 FR 42512, Aug. 27, 1991; 57 FR 38564, Aug. 25, 1992; 59 FR48042, Sept. 19, 199-t: 62 FR6651, Feb. 12, 1997; 
62 FR 26019, tvlay 12, 1997; 63 FR 28636, May 26, 1998; 64 FR 24513, May II, 1999; 67 FR 11253, !vlar. 13, 2002] 

fTOP] 
§261.3 Definition of hazardous waste . 

• , (a) A solid waste, as defined in §261.2, is a hazardous waste if: 

• 

( 1) It is not excluded from regulation as a hazardous waste under §261.4(b ); and 

(2) It meets any ofthe following criteria: 

(i) It exhibits any of the characteristics of hazardous waste identified in subpart C of this part. However, 
any mixture of a waste from the extraction, beneficiation, and processing of ores and minerals excluded 
under §261.4(b )(7) and any other solid waste exhibiting a characteristic of hazardous waste under 
subpart C is a hazardous waste only if it exhibits a characteristic that would not have been exhibited by 
the excluded waste alone if such mixture had not occurred, or if it continues to exhibit any ofthe 
characteristics exhibited by the non-excluded wastes prior to mixture. Further, for the purposes of 
applying the Toxicity Characteristic to such mixtures, the mixture is also a hazardous waste if it exceeds 
the maximum concentration for any contaminant listed in table 1 to §261.24 that would not have been 
exceeded by the excluded waste alone if the mixture had not occurred or if it continues to exceed the 
maximum concentration for any contaminant exceeded by the nonexempt waste prior to mixture. 

(ii) It is listed in subpart D ofthis part and has not been excluded from the lists in subpmi D of this part 
under §§260.20 and 260.22 ofthis chapter. 

(iii) [Reserved] 

(iv) It is a mixture of solid waste and one or more hazardous wastes listed in subpart D ofthis part and 
has not been excluded from paragraph (a)(2) of this section under §§260.20 and 260.22, paragraph (g) of 
this section, or paragraph (h) of this section; however, the following mixtures of solid wastes and 
hazardous wastes listed in subpart D of this part are not hazardous wastes (except by application of 
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paragraph (a)(2)(i) or (ii) of this section) ifthe generator can demonstrate that the mixture consists of 
\\aste\\atcr the discharge ofwhich is subject to regulation under either section 402 or section 307(b) of 
the Clean Water Act (including wastewater at facilities which have eliminated the discharge of 
\\ as!l~water) and: 

(.'~)One or more ofthe following solvents listed in §261.31 --carbon tetrachloride, tetrachloroethylene, 
trichloroethylene-- Provided, That the maximum total weekly usage of these solvents (other than the 
amounts that can be demonstrated not to be discharged to wastewater) divided by the average weekly 
tlO\\. of wastewater into the headworks ofthe facility's wastewater treatment or pretreatment system 
does not exceed I part per million; or 

(B) One or more of the following spent solvents listed in §26 1.31 --methylene chloride, 
1,1, !·-trichloroethane, chlorobenzene, o-dichlorobenzene, cresols, cresylic acid, nitrobenzene, toluene, 
methyl ethyl ketone, carbon disulfide, isobutanol, pyridine, spent chlorofluorocarbon solvents-
provided that the maximum total weekly usage of these solvents (other than the amounts that can be 
demonstrated not to be discharged to wastewater) divided by the average weekly flow of wastewater 
into the headworks of the facility's wastewater treatment or pretreatment system does not exceed 25 
parts per million: or 

(C) One of the following wastes listed in §26 1.32, provided that the wastes are discharged to the 
refinery oil recovery sewer before primary oil/water/solids separation-- heat exchanger bundle cleaning 
sludge from the petroleum refining industry (EPA Hazardous Waste No. KOSO), crude oil storage tank 
sediment from petroleum refining operations (EPA Hazardous Waste No. Kl69), clarified slurry oil tank 
sediment and/or in-line filter/separation solids from petroleum refining operations (EPA Hazardous 
\V aste No. K 170), spent hydrotreating catalyst (EPA Hazardous Waste No. K 171 ), and spent 
hydrorefining catalyst (EPA Hazardous Waste No. K 172); or 

(D) A discarded commercial chemical product, or chemical intermediate listed in §261.33, arising from 
de minimis losses of these materials fi·om manufacturing operations in which these materials are used as 
raw materials or are produced in the manufacturing process. For purposes of this paragraph 
(a)(2)(iv)(D), "de minimis" losses include those from nonnal material handling operations (e.g., spills 
from the unloading or transfer of materials from bins or other containers, leaks from pipes, valves or 
other devices used to transfer materials); minor leaks of process equipment, storage tanks or containers; 
leaks from well maintained pump packings and seals; sample purgings; relief device discharges; 
discharges from safety showers and rinsing and cleaning of personal safety equipment; and rinsate from 
empty containers or from containers that are rendered empty by that rinsing; or 

(E) Wastewater resulting from laboratory operations containing toxic (T) wastes listed in subpart D of 
this part, Provided, That the annualized average flow of laboratory wastewater does not exceed one 
percent of total wastewater flow into the head works of the facility's wastewater treatment or 
pre-treatment system or provided the wastes, combined annualized average concentration does not 
exceed one part per million in the headworks of the facility's wastewater treatment or pre-treatment 
facility. Toxic (T) wastes used in laboratories that are demonstrated not to be discharged to wastewater 
are not to be included in this calculation; or 

(F) One or more of the following wastes listed in §261.32 --wastewaters from the production of 
carbamates and carbamoyl oximes (EPA Hazardous Waste No. Kl57) --Provided that the maximum 
\veekly usage of formaldehyde, methyl chloride, methylene chloride, and triethylamine (including all 
amounts that can not be demonstrated to be reacted in the process, destroyed through treatment, or is 
recovered, i.e., what is discharged or volatilized) divided by the average weekly flow of process 
wastewater prior to any dilutions into the headworks of the facility's wastewater treatment system does 
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not exceed a total of 5 parts per million by\\ eight; or 

(G) Wastewaters derived from the treatment of one or more ofthe following wastes listed in §261.32 -
organic waste (inc I ud i ng heavy ends, sti II bottoms, light ends, spent sol vents, filtrates, and decantates) 
from the production of carbamates and carbamoyl m;.imes (EPA Hazardous Waste No. K 156). -
Provided, that the maximum concentration offom1aldehyde, methyl chloride, methylene chloride, and 
triethylamine prior to any dilutions into the headworks of the facility's wastewater treatment system does 
not exceed a total of 5 milligrams per liter. 

(Y) Rebuttable presumptionfor used oil. Used oil containing more than I 000 ppm total halogens is 
presumed to be a hazardous waste because it has been mixed with halogenated hazardous waste listed in 
subpart D of part 261 of this chapter. Persons may rebut this presumption by demonstrating that the used 
oil does not contain hazardous waste (for example, by using an analytical method from SW-846, Third 
Edition, to show that the used oil does not contain significant concentrations of halogenated hazardous 
constituents listed in appendix Vlll ofpart 261 ofthis chapter). EPA Publication SW-846, Third 
Edition, is available for the cost of S ll 0.00 from the Govemment Printing Office, Superintendent of 
Documents, PO Box 3 71954, Pittsburgh, PA I 5250-7954. 202-512-1800 (document number 
955-001-00000-1 ). 

(A) The rebuttable presumption does not apply to metalworking oils/fluids containing chlorinated 
paramns, if they are processed, through a tolling agreement, to reclaim metalworking oils/fluids. The 
presumption does apply to metalworking oils/fluids if such oils/fluids are recycled in any other manner, 
or disposed. 

(B) The rebuttable presumption does not apply to used oils contaminated with chlorofluorocarbons 
(CFCs) removed from refrigeration units where the CFCs are destined for reclamation. The rebuttable 
presumption does apply to used oils contaminated with CFCs that have been mixed with used oil from 
sources other than refrigeration units. 

(b) A solid waste which is not excluded from regulation under paragraph (a)(l) ofthis section becomes 
a hazardous waste when any of the following events occur: 

(I) In the case of a waste listed in subpart D of this part, when the waste first meets the listing 
description set forth in subpart D of this part. 

(2) In the case of a mixture of solid waste and one or more listed hazardous wastes, when a hazardous 
waste listed in subpart Dis first added to the solid waste. 

(3) In the case of any other waste (including a waste mixture), when the waste exhibits any of the 
characteristics identified in subpart C of this part. 

(c) Unless and until it meets the criteria of paragraph (d) of this section: 

(I) A hazardous waste will remain a hazardous waste. 

(2)(i) Except as otherwise provided in paragraph (c)(2)(ii), (g) or (h) of this section, any solid waste 
generated from the treatment, storage, or disposal of a hazardous waste, including any sludge, spill 
residue, ash emission control dust, or leachate (but not including precipitation run-off) is a hazardous 
waste. (However, materials that are reclaimed from solid wastes and that are used beneficially are not 
solid wastes and hence are not hazardous wastes under this provision unless the reclaimed material is 
burned for energy recovery or used in a manner constituting disposal.) 



Code of Federal Regulations Search Results http://ecfrback.acccss.gpo.gov/otcgi/cf. .. iew&SUBSET=SUBSET &FROM= I &SIZE·· I O&ITEM= I 

• 

• 

•• 
1 n ~'"~'1n 

(ii) The following solid wastes are not hazardous even though they are generated from the treatment, 
storage, or disposal of a hazardous waste, unless they exhibit one or more of the characteristics of 
hazardous waste: 

(A) Waste pickle liquor sludge generated by lime stabilization of spent pickle liquor from the iron and 
steel industry (SIC Codes 331 and 332). 

(B) Waste from burning any of the materials exempted from regulation by §261.6(a)(3)(iii) and (iv). 

(C)(/) Nonwastewater residues, such as slag, resulting from high temperature metals recovery (HTMR) 
processing of K061, K062 or F006 waste, in units identified as rotary kilns, flame reactors, electric 
furnaces, plasma arc furnaces, slag reactors, rotary hearth fumace/electric fumace combinations or 
industrial furnaces (as defined in paragraphs (6), (7), and (13) ofthe definition for "Industrial furnace" 
in 40 CFR 260.1 0), that are disposed in subtitleD units, provided that these residues meet the generic 
nclusion levels identified in the tables in this paragraph for all constituents, and exhibit no 
characteristics of hazardous waste. Testing requirements must be incorporated in a facility's waste 
analysis plan or a generator's self-implementing waste analysis plan; at a minimum, composite samples 
of residues must be collected and analyzed quarterly and/or when the process or operation generating 
the waste changes. Persons claiming this exclusion in an enforcement action will have the burden of 
proving by clear and convincing evidence that the material meets all of the exclusion requirements. 

Constituent 

Maximum for any 
single 

composite 
sample--TCLP 

(mg/1) 

Generic exclusion levels for K061 and K062 nonwastewater HTMR residues 

.1\ntimony .............................................. . 
l1rsenic ............................................... . 
Barium ................................................ . 
Bery11ium ............................................. . 
Cadmium ............................................... . 
Chromium (total) ...................................... . 
Lead .................................................. . 
l\1ercury ............................................... . 
Nickel ................................................ . 
Selenium .............................................. . 
Silver ................................................ . 
Thallium .............................................. . 
Zinc ................................................. ·· 

0.10 
0.50 
7.6 
0.010 
0.050 
0.33 
0.15 
0.009 
1.0 
0.16 
0.30 
0.020 

70 

Generic exclusion levels for F006 nonwastewater HTMR residues 

J: .. '1timony .............................................. . 
J:.csenic ............................................... . 
B-3.riurn ................................................ . 
B·=ryllium ............................................. . 
Cadmium ............................................... . 
C!1rorniurn (total) ...................................... . 
C:;anide (total) (mg/kg) ............................... . 
L":ad ............................ · · ·. · ...... · · · · · · _. ·. · · · 

0.10 
0.50 
7.6 
0.010 
0.050 
0.33 
1.8 
0.15 
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f'Jercury· ............................................... . 
Nickel ................................................ . 
Selenium .............................................. . 
Silver ................................................ . 
Thallium .............................................. . 
Zinc .................................................. . 

0.009 
1.0 
0.16 
0.30 
0.020 

70 

(.?)A one-time notification and certification must be placed in the facility's files and sent to the EPA 
region or authorized state for K061, K062 or F006 HTMR residues that meet the generic exclusion 
levels for all constituents and do not exhibit any characteristics that are sent to subtitleD units. The 
notification and certification that is placed in the generators or treaters files must be updated ifthe 
process or operation generating the waste changes and/or if the subtitleD unit receiving the waste 
changes. However, the generator or treater need only notify the EPA region or an authorized state on an 
annual basis if such changes occur. Such notification and certification should be sent to the EPA region 
or authorized state by the end of the calendar year, but no later than December 31. The notification mu:;t 
include the following information: The name and address of the subtitleD unit receiving the waste 
shipments; the EPA Hazardous 'vVaste Number(s) and treatability group(s) at the initial point of 
generation; and, the treatment standards applicable to the waste at the initial poinf of generation. The 
certification must be signed by an authorized representative and must state as follows: "1 certify under 
penalty of law that the generic exclusion levels for all constituents have been met without impermissible 
dilution and that no characteristic of hazardous waste is exhibited. I am aware that there are significant 
penalties for submitting a false certification, including the possibility of fine and imprisonment." 

(D) Biological treatment sludge from the treatment of one ofthe following wastes listed in §261.32 -
organic waste (including heavy ends, still bottoms, light ends, spent solvents, filtrates, and decantates) 
from the production ofcarbamates and carbamoyl oximes (EPA Hazardous Waste No. Kl56), and 
wastewaters from the production of carbamates and carbamoyl oximes (EPA Hazardous Waste No. 
Kl57). 

(E) Catalyst inert support media separated from one of the following wastes listed in §261.32 --Spent 
hydrotreating catalyst (EPA Hazardous Waste No. K 171 ), and Spent hydrorefining catalyst (EPA 
Hazardous Waste No. K 172). 

(d) Any solid waste described in paragraph (c) of this section is not a hazardous waste if it meets the 
following criteria: 

(I) In the case of any solid waste, it does not exhibit any ofthe characteristics ofhazardous waste 
identif1ed in subpart C of this part. (However, wastes that exhibit a characteristic at the point of 
generation may still be subject to the requirements of part 268, even if they no longer exhibit a 
characteristic at the point of land disposal.) 

(2) In the case of a waste which is a listed waste under subpart D of this part, contains a waste listed 
under subpart D of this part or is derived from a waste listed in subpart D of this part, it also has been 
excluded from paragraph (c) of this section under §§260.20 and 260.22 ofthis chapter. 

(e) [Reserved] 

(f) Notwithstanding paragraphs (a) through (d) ofthis section and provided the debris as defined in part 
268 of this chapter does not exhibit a characteristic identified at subpart C of this part, the following 
materials are not subject to regulation under 40 CFR parts 260, 261 to 266, 268, or 270: 



Code of Fedci~ll Regulations Search Results http:f/c'L'frback.access.gpo.go\·/otcgi/cf. .. icw&SUBSET =SUBSET &FRO:r-.·1= 1 &SIZE= 1 O&ITEivl= I 

• 

• 

• 

(I) Hazardous debris as defined in part 268 of this chapter that has been treated using one of the 
required extraction or destruction technologies specified in Table 1 of §268.45 of this chapter; persons 
claiming this exclusion in an enforcement action will have the burden of proving by clear and 
convincing evidence that the material meets all of the exclusion requirements; or 

(2) Debris as defined in part 268 of this chapter that the Regional Administrator, considering the extent 
of contamination. has determined is no longer contaminated with hazardous waste. 

(g)( J) A hazardous waste that is I is ted in subpart D of this part solely because it exhibits one or more 
characteristics ofignitability as defined under §261.21, COITosivity as defined under §261.22, or 
reactivity as defined under §261.23 is not a hazardous waste, if the waste no longer exhibits any 
characteristic of hazardous waste identified in subpart C ofthis part. 

(2) The exclusion described in paragraph (g)( I) of this section also pertains to: 

(i) Any mixture of a solid waste and a hJzardous waste listed in subpart D ofthis part solely because it 
exhibits the characteristics of ignitability, corrosivity, or reactivity as regulated under paragraph 
(a)(2)(iv) ofthis section; and 

(ii) Any solid waste generated from treating, storing, or disposing of a hazardous waste listed in subpart 
D of this part solely because it exhibits the characteristics ofignitability, corrosivity, or reactivity as 
regulated under paragraph (c)(2)(i) of this section. 

(3) Wastes excluded under this section are subject to part 268 of this chapter (as applicable), even ifthey 
no longer exhibit a characteristic at the point of land disposal. 

( 4) any mixture of a solid waste excluded from regulation under §261.4(b )(7) and a hazardous waste 
listed in subpart D ofthis part solely because it exhibits one or more of the characteristics ofignitability, 
corrosivity, or reactivity as regulated under paragraph (a)(2)(iv) of this section is not a hazardous waste, 
if the mixture no longer exhibits any characteristic of hazardous waste identified in subpart C of this pa1i 
for which the hazardous waste listed in subpart D of this part was listed. 

(h)( I) Hazardous waste containing radioactive waste is no longer a hazardous waste when it meets the 
eligibility criteria and conditions of 40 CFR p311 266, Subpart N ("eligible radioactive mixed waste"). 

(2) The exemption described in paragraph (h)( I) of this section also periains to: 

(i) Any mixture of a solid waste and an eligible radioactive mixed waste; and 

(ii) Any solid waste generated from treating, storing, or disposing of an eligible radioactive mixed 
waste. 

(3) Waste exempted under this section must meet the eligibility criteria and specified conditions in 40 
CFR 266.225 and 40 CFR 266.230 (for storage and treatment) and in 40 CFR 266.310 and 40 CFR 
266.315 (for transportation and disposal). Waste that fails to satisfy these eligibility criteria and 
conditions is regulated as hazardous vvaste. 

[57 FR 7632, Mar. 3. 1992; 57 FR 23063. June I, 1992, as amended at 57 FR 37263, Aug. 18, 1992; 57 FR 41611, Sept. 10, 
1992; 57 FR 49279, Oct. 30, 1992; 59 FR 38545, July 28, 1994; 60 FR 7848, Feb. 9, 1995; 63 FR 28637, 1'v1ay 26, 1998; 63 
FR 42184, Aug. 6, 1998; 66 FR 27297, ivlay !6, 200 l; 66 FR 50333, Oct. 3, 200 I] 
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(c) Each hazardous waste listed in this subpart is assigned an EPA Hazardous Waste Number which 
precedes the name of the waste, This number must be used in complying with the notification 
requirements of Section 30 I 0 of the Act and certain recordkeeping and reporting requirements under 
parts 262 through 265, 268, and part 270 of this chapter. 

(d) The following hazardous wastes listed in §261.31 or §261.32 are subject to the exclusion limits for 
acutely hazardous wastes established in §261.5: EPA Hazardous Wastes Nos. F020, F021, F022, 
F02.3, F026, and F027. 

[ 45 FR 33119, ivlay 19. 1980. as amended at 48 FR 14294, Apr. I, 1983; 50 FR 2000, Jan, 14, 1985; 51 FR 40636, Nov, 7, 
1986: 55 FR II S63, l'v!ar. 29. 1990] 

mm 
§261.31 Hazardous 'rastes from non-specific sources. 

(a) The following solid wastes are listed hazardous wastes from non-specific sources unless they are 
excluded under §§260.20 and 260.22 and listed in appendix IX. 

Industry and EPA hazardous 
waste No. 

Generic: 

Hazardous waste Hazard code 

FOOl ......................... The following spent (T) 

F002., ...................... . 

halogenated solvents 
used in degreasing: 
Tetrachloroethylene, 
trichloroethylene, 
methylene chloride, 
1,1,1-trichloroethane, 
carbon tetrachloride, 
and chlorinated 
fluorocarbons; all spent 
solvent mixtures/blends 
used in degreasing 
containing, before use, 
a total of ten percent 
or more (by volume) of 
one or more of the above 
halogenated solvents or 
those solvents listed in 
F002, F004, and FOOS; 
and still bottoms from 
the recovery of these 
spent solvents and spent 
solvent mixtures. 

The following spent (T) 
halogenated solvents: 
Tetrachloroethylene, 
methylene chloride, 
trichloroethylene, 1,1,1-
trichloroethane, 
chlorobenzene, 1,1,2~ 



• 
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trichloro-1,2,2-
trifluoroethane, ortho
dichlorobenzene, 
trichlorofluoromethane, 
and 1,1,2-
trichloroethane; all 
spent solvent mixtures/ 
blends containing, 
before use, a total of 
ten percent or more (by 
volume) of one or more 
of the above halogenated 
solvents or those listed 
in FOOl, F004, or FOOS; 
and still bottoms from 
the recovery of these 
spent solvents and spent 
solvent mixtures. 

F003 ......................... The following spent non- (I)* 
halogenated solvents: 
Xylene, acetone, ethyl 
acetate, ethyl benzene, 
ethyl ether, methyl 
isobutyl ketone, n-butyl 
alcohol, cyclohexanone, 
and methanol; all spent 
solvent mixtures/blends 
containing, before use, 
only the above spent non
halogenated solvents; 
and all spent solvent 
mixtures/blends 
containing, before use, 
one or more of the above 
non-halogenated 
solvents, and, a total 
of ten percent or more 
(by volume) of one or 
more of those solvents 
listed in FOOl, F002, 
F004, and FOOS; and 
still bottoms from the 
recovery of these spent 
solvents and spent 
solvent mixtures. 

F004 ......................... The following spent non~ (T~ 

halogenated solvents: 
Cresols and cresylic 
acid, and nitrobenzene; 
all spent solvent 
mixtures/blends 
containing, before use, 
a total of ten percent 
or more (by volume) of 
one or more of the above 
non-halogenated solvents 
or those solvents listed 
in FOOl, F002, and FOOS; 
and still bottoms from 
the recovery of these 
spent solvents and spent 
solvent mixtures . 

FOOS. . . . . . . . . . . . . . . . . . . . . . . . . The following spent non
halogenated solvents: 
Toluene, methyl ethyl 

(I, T) 

7/30/2002 II :06 AM 
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ketone, carbon 
disulfide, isobutanol, 
pyridine, benzene, 2-
ethoxyethanol, and 2-
nitropropane; all spent 
solvent mixtures/blends 
containing, before use, 
a total of ten percent 
or more (by volume) of 
one or more of the above 
non-halogenated solvents 
or those solvents listed 
in FOOl, F002, or F004; 
and still bottoms from 
the recovery of these 
spent solvents and spent 
solvent mixtures. 

F006. . . . . . . . . . . . . . . . . . . . . . . . . Wastewater treatment (T) 
sludges from 
electroplating 
operations except from 
the following processes: 
(1) Sulfuric acid 
anodizing of aluminum; 
(2) tin plating on 
carbon steel; (3) zinc 
plating (segregated 
basis) on carbon steel; 
(4) aluminum or zinc
aluminum plating on 
carbon steel; ( 5) 
cleaning/stripping 
associated with tin, 
zinc and aluminum 
plating on carbon steel; 
and (6) chemical etching 
and milling of aluminum. 

F007 ......................... Spent cyanide plating (R, T) 
bath solutions from 
electroplating 
operations. 

FOOB. . . . . . . . . . . . . . . . . . . . . . . . . Plating bath residues (R, T) 
from the bottom of 
plating baths from 
electroplating 
operations where 
cyanides are used in the 
process. 

F009......................... Spent stripping and (R, T) 
cleaning bath solutions 
from electroplating 
operations where 
cyanides are used in the 
process. 

FOlO......................... Quenching bath residues (R, T) 
from oil baths from 
metal heat treating 
operations where 
cyanides are used in the 
process. 

FOll ......................... Spent cyanide solutions 
from salt bath pot 
cleaning from metal heat 
treating operations. 

F012 ......................... Quenching waste water 

(R, T) 

(T) 

713012002 II :06 Al'vl 
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F019 ........................ . 

F020 ........................ . 

treatment sludges from 
metal heat treating 
operations where 
cyanides are used in the 
process. 

Wastewater treatment 
sludges from the 
chemical conversion 
coating of aluminum 
except from zirconium 
phosphating in aluminum 
can washing when such 
phosphating is an 
exclusive conversion 
coating process. 

Wastes (except wastewater 
and spent carbon from 
hydrogen chloride 
purification) from the 
production or 
manufacturing use (as a 
reactant, chemical 
intermediate, or 
component in a 
formulating process) of 
tri- or 
tetrachlorophenol, or of 
intermediates used to 
produce their pesticide 
derivatives. (This 
listing does not include 
wastes from the 
production of 
Hexachlorophene from 
highly purified 2,4,5-
trichlorophenol.). 

F021......................... 1-.Jastes (except wastewater 
and spent carbon from 
hydrogen chloride 
purification) from the 
production or 
manufacturing use (as a 
reactant, chemical 

F022 ........................ . 

F023 ........................ . 

intermediate, or 
component in a 
formulating process) of 
pentachlorophenol, or of 
intermediates used to 
produce its derivatives. 

Wastes (except wastewater 
and spent carbon from 
hydrogen chloride 
purification) from the 
manufacturing use (~s a 
reactant, chemical 
intermediate, or 
component in a 
formulating process) of 
tetra-, penta-, or 
hexachlorobenzenes under 
alkaline conditions. 

Wastes (except wastewater 
and spent carbon from 
hydrogen chloride 
purification) from the 

(T) 

(H) 

(H) 

(H) 

(H) 

7130/2002 I I :06 A!\1 
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production of materials 
on equipment previously 
used for the production 
or manufacturing use (as 
a reactant, chemical 
intermediate, or 
component in a 
formulating process) of 
tri- and 
tetrachlorophenols. 
(This listing does not 
include wastes from 
equipment used only for 
the production or use of 
Hexachlorophene from 
highly purified 2,4,5-
trichlorophenol.) . 

F024 ......................... Process wastes, including (T) 
but not limited to, 
distillation residues, 
heavy ends, tars, and 
reactor clean-out 
wastes, from the 
production of certain 
chlorinated aliphatic 
hydrocarbons by free 
radical catalyzed 
processes. These 
chlorinated aliphatic 
hydrocarbons are those 
having carbon chain 
lengths ranging from one 
to and including five, 
with varying amounts and 
positions of chlorine 
substitution. (This 
listing does not include 
wastewaters, wastewater 
treatment sludges, spent 
catalysts, and wastes 
listed in Sec. 261.31 or 
Sec. 261.32.). 

F025......................... Condensed light ends, (T) 
spent filters and filter 
aids, and spent 
desiccant wastes from 
the production of 
certain chlorinated 
aliphatic hydrocarbons, 
by free radical 
catalyzed processes. 
These chlorinated 
aliphatic hydrocarbons 
are those having carbon 
chain lengths ranging 
from one to and 
including five, with 
varying amounts and 
positions of chlorine 
substitution. 

F026 ......................... Wastes (except wastewater (H) 
and spent carbon from 
hydrogen chloride 
purification) from the 
production of mat~rials 

7/30/2002 II :06 AM 
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on equipment previously 
used for the 
manufacturing use (as a 
reactant, chemical 
intermediate, or 
component in a 
formulating process) of 
tetra-, penta-, or 
hexachlorobenzene under 
alkaline conditions. 

F027......................... Discarded unused 
formulations containing 
tri-, tetra-, or 
pentachlorophenol or 
discarded unused 
formulations containing 
compounds derived from 
these chlorophenols. 
(This listing does not 
include formulations 
containing 
Hexachlorophene 
sythesized from 
prepurified 2,4,5-
trichlorophenol as the 
sole component.). 

(H) 

FO:ZS......................... Residues resulting from (T) 
the incineration or 
thermal treatment of 
soil contaminated with 
EPA Hazardous Waste Nos. 
F020, F021, F022, F023, 
F026, and F027. 

F032......................... h'astewaters (except those 
that have not come into 
contact with process 
contaminants), process 
residuals, preservative 
drippage, and spent 
formulations from wood 
preserving processes 
generated at plants that 
currently use or have 
previously used 
chlorophenolic 
formulations (except 
potentially cross
contaminated wastes that 
have had the F032 waste 
code deleted in 
accordance with Sec. 
261.35 of this chapter 
or potentially cross
contaminated wastes that 
are otherwise currently 
regulated as hazardous 
wastes (i.e., F034 or 
F035), and where the 
generator does not 
resume or initiate use 
of chlorophenolic 
formulations) . This 
listing does not include 
KOOl bottom sediment 
sludge from the 

(T) 

7130/2002 II :00 AM 
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treatment of wastewater 
from wood preserving 
processes that use 
creosote and/or 
pentachlorophenol. 

F034......................... i-Jastewaters (except those 
that have not come into 
contact with process 
contaminants), process 
residuals, preservative 
drippage, and spent 
formulations from wood 
preserving processes 
generated at plants that 
use creosote 
formulations. This 
listing does not include 
KOOl bottom sediment 
sludge from the 
treatment of wastewater 
from wood preserving 
processes that use 
creosote and/or 

Fo::;s ........................ . 

F03 7 ........................ . 

pentachlorophenol. 
Wastewaters (except those 
that have not come into 
contact with process 
contaminants) , process 
residuals, preservative 
drippage, and spent 
formulations from wood 
preserving processes 
generated at plants that 
use inorganic 
preservatives containing 
arsenic or chromium. 
This listing does not 
include KOOl bottom 
sediment sludge from the 
treatment of wastewater 
from wood preserving 
processes that use 
creosote and/or 
pentachlorophenol. 

Petroleum refinery 
primary oil/water/solids 
separation sludge--Any 
sludge generated from 
the gravitational 
separation of oil/water/ 
solids during the 
storage or treatment of 
process wastewaters and 
oil cooling wastewaters 
from petroleum 
refineries. Such sludges 
include, but are not 
limited to, those 
generated in oil/water/ 
solids separators; tanks 
and impoundments; 
ditches and other 
conveyances; sumps; and 
stormwater units 
receiving dry weather 

(T} 

(T) 

(T) 
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flow. Sludge generated 
in stormwater units that 
do not receive dry 
weather flow, sludges 
generated from non
contact once-through 
cooling waters 
segregated for treatment 
from other process or 
oily cooling waters, 
sludges generated in 
aggressive biological 
treatment units as 
defined in Sec. 
261.3l(b) (2) (including 
sludges generated in one 
or more additional units 
after wastewaters have 
been treated in 
aggressive biological 
treatment units) and 
K051 wastes are not 
included in this 
listing. This listing 
does include residuals 
generated from 
processing or recycling 
oil-bearing hazardous 
secondary materials 
excluded under Sec. 
261.4(a)(l2)(i), if 
those residuals are to 
be disposed of .. 

Petroleum refinery 
secondary (emulsified) 
oil/water/solids 
separation sludge--Any 
sludge and/or float 
generated from the 
physical and/or chemical 
separation of oil/water/ 
solids in process 
wastewaters and oily 
cooling wastewaters from 
petroleum refineries. 
Such wastes include, but 
are not limited to, all 
sludges and floats 
generated in: induced 
air flotation (IAF) 
units, tanks and 
impoundments, and all 
sludges generated in DAF 
units. Sludges generated 
in stormwater units that 
do not receive dry 
weather flow, sludges 
generated from non
contact once-through 
cooling waters 
segregated for treatment 
from other process or 
oily cooling waters, 
sludges and floats 
generated in aggressive 

(T) 
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biological treatment 
units as defined in Sec. 
:261.3l(b) (2) (including 
sludges and floats 
generated in one or more 
additional units after 
wastewaters have been 
treated in aggressive 
biological treatment 
units) and F037, K048, 
and K051 wastes are not 
included in this listing. 

F039......................... Leachate (liquids that (T) 
have percolated through 
land disposed wastes) 
resulting from the 
disposal of more than 
one restricted waste 
classified as hazardous 
under subpart D of this 
part. (Leachate 
resulting from the 
disposal of one or more 
of the following EPA 
Hazardous Wastes and no 
other Hazardous Wastes 
retains its EPA 
Hazardous Waste 
Number(s): F020, F021, 
F022, F026, F027, and/or 
F028.) . 

(b) Listing Specific Definitions: (1) For the purposes of the F037 and F038 listings, oil/water/solids is 
defined as oil and/or water and/or solids.(2) (i) For the purposes of the F037 and F038 listings, 
aggressive biological treatment units are defined as units which employ one of the following four 
treatment methods: activated sludge; trickling filter; rotating biological contactor for the continuous 
accelerated biological oxidation of wastewaters; or high-rate aeration. High-rate aeration is a system of 
surface impoundments or tanks, in which intense mechanical aeration is used to completely mix the 
wastes, enhance biological activity, and (A) the units employ a minimum of 6 hp per million gallons of 
treatment volume; and either (B) the hydraulic retention time of the unit is no longer than 5 days; or (C) 
the hydraulic retention time is no longer than 30 days and the unit does not generate a sludge that is a 
hazardous waste by the Toxicity Characteristic. 

(ii) Generators and treatment, storage and disposal facilities have the burden of proving that their 
sludges are exempt from listing as F03 7 and F038 wastes under this definition. Generators and 
treatment, storage and disposal facilities must maintain, in their operating or other onsite records, 
documents and data sufficient to prove that: (A) the unit is an aggressive biological treatment unit as 
defined in this subsection; and (B) the sludges sought to be exempted from the definitions ofF037 
and/or F038 were actually generated in the aggressive biological treatment unit. 

(3) (i) For the purposes of the F037 listing, sludges are considered to be generated at the moment of 
deposition in the unit, where deposition is defined as at least a temporary cessation of lateral particle 
movement. 

(ii) For the purposes of the F038 listing, 

~II()/'){)()'") 1 lJ\rr. "' . .f 
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(A) sludges are considered to be generated at the moment of deposition in the unit, where deposition i:;, 
defined as at least a temporary cessation of lateral particle movement and 

(B) floats are considered to be generated at the moment they are fom1ed in the top of the unit. [46 FR 
4617,Jan.l6, 1981] 

Editorial Note: For FEDERAL REGISTER citations affecting §261.31, see the List ofCFR Sections 
Affected, which appears in the Finding Aids section of the printed volume and on GPO Access. 

[TOP] 
§261.32 Hazardous wastes from specific sources. 

The following solid wastes are listed hazardous wastes from specific sources unless they are excluclecl 
under §§260.20 and 260.22 and listed in appendix IX. 

Industry and EPA hazardous 
IVaste No. Hazardous waste Hazard code 

Wood preservation: KOOl ........ Bottom sediment sludge (T) 

Inorganic pigments: 
K002 ........................ . 

K003 ........................ . 

K004 ........................ . 

KOOS ........................ . 

K006 ........................ . 

K007 ........................ . 

KOOB ........................ . 

Organic chemicals: 
K009 ........................ . 

from the treatment of 
wastewaters from wood 
preserving processes 
that use creosote and/or 
pentachlorophenol. 

Wastewater treatment (T) 
sludge from the 
production of chrome 
yellow and orange 
pigments. 

Wastewater treatment (T) 
sludge from the 
production of molybdate 
orange pigments. 

Wastewater treatment (T) 
sludge from the 
production of zinc 
yellow pigments. 

Wastewater treatment (T) 
sludge from the 
production of chrome 
green pigments. 

Wastewater treatment (T) 
sludge from the 
production of chrome 
oxide green pigments 
(anhydrous and hydrated). 

Wastewater treatment (T) 
sludge from the 
production of iron blue 
pigments. 

Oven residue from the (T) 
production of chrome 
oxide green pigments. 

Distillation bottoms from 
the production of 
acetaldehyde from· 

(T) 
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ethylene. 
KOlO......................... Distillation side cuts 

from the production of 
acetaldehyde from 
ethylene. 

K011......................... Bottom stream from the 
wastewater stripper in 
the production of 
acrylonitrile. 

K013......................... Bottom stream from the 
acetonitrile column 1n 
the production of 
acrylonitrile. 

(T) 

(R, T) 

(R, T) 

K014 ......................... Bottoms from the (T) 

KOJ.5 ........................ . 

acetonitrile 
purification column 1n 
the production of 
acrylonitrile. 

Still bottoms from the 
distillation of benzyl 
chloride. 

(T) 

K016 ......................... Heavy ends or (T) 
distillation residues 
from the production of 
carbon tetrachloride. 

K017......................... Heavy ends (still (T) 
bottoms) from the 
purification column in 
the production of 
epichlorohydrin. 

K018 ......................... Heavy ends from the 
fractionation column 1n 
ethyl chloride 
production. 

K019 ......................... Heavy ends from the 
distillation of ethylene 
dichloride in ethylene 
dichloride production. 

K020. . . . . . . . . . . . . . . . . . . . . . . . . Heavy ends from the 
distillation of vinyl 
chloride in vinyl 
chloride monomer 
production. 

(T) 

(T) 

(T) 

K021 ......................... Aqueous spent antimony (T) 
catalyst waste from 
fluoromethanes 
production. 

K022 ......................... Distillation bottom tars (T) 
from the production of 
phenol/acetone from 
cumene. 

K023.. . . . . . . . . . . . . . . . . . . . . . . . Distillation light ends (T) 
from the production of 
phthalic anhydride from 
naphthalene. 

K02·l......................... Distillation bottoms from (T) 
the production of 
phthalic anhydride from 
naphthalene. 

K025......................... Distillation bottoms from (T) 
the production of 
nitrobenzene by the 
nitration of benzene. 

K026 ......................... Stripping still tails (T) 
from the production of 

-,l"lA/'"lr\1"1'1 1 I .f\r, A !\A' 
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methy ethyl pyridines. 
K027 ......................... Centrifuge and (R, T) 

distillation residues 
from toluene 
diisocyanate production. 

K028 ......................... Spent catalyst from the (T) 
hydrochlorinator reactor 
in the production of 
1,1,1-trichloroethane. 

K029 ......................... Waste from the product (T) 

K03 0 ........................ . 

KOE;J ...... . 

K085 ...... . 

steam stripper in the 
production of 1,1,1-
trichloroethane. 

Column bottoms or heavy 
ends from the combined 
production of 
trichloroethylene and 
perchloroethylene. 

Distillation bottoms from 
aniline production. 

Distillation or 
fractionation column 
bottoms from the 
production of 
chlorobenzenes. 

(T) 

(T) 

(T) 

K093 ......................... Distillation light ends (T) 
from the production of 
phthalic anhydride from 
ortho-xylene. 

K094......................... Distillation bottoms from (T) 
the production of 
phthalic anhydride from 
ortho-xylene. 

K095 ......................... Distillation bottoms from {T) 
the production of 1,1,1-
trichloroethane. 

K096......................... Heavy ends from the heavy (T) 
ends column from the 
production of 1,1,1-
trichloroethane. 

Kl03. . . . . . . . . . . . . . . . . . . . . . . . . Process residues from (T) 
aniline extraction from 
the production of 
aniline. 

K104 ......................... Combined wastewater (T) 
streams generated from 
nitrobenzene/aniline 
production. 

Kl05......................... Separated aqueous stream (T) 
from the reactor product 
washing step in the 
production of 
chlorobenzenes. 

Kl07......................... Column bottoms from (C, T) 
product separation from 
the production of 1,1-
dimethyl-hydrazine 
(UDMH) from carboxylic 
acid hydrazines. 

K108 ......................... Condensed column (I,T) 
overheads from product 
separation and condensed 
reactor vent gases from 
the production of 1,1-
dimethylhydrazine (UDMH) 
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bromination of ethene. 
Kl.:.G......................... Still bottoms from the 

purification of ethylene 
dibromide in the 
production of ethylene 
dibromide via 
bromination of ethene. 

(T) 

Kl49 ......................... Distillation bottoms from (T) 
the production of alpha
(or methyl-) chlorinated 
toluenes, ring
chlorinated toluenes, 
benzoyl chlorides, and 
compounds with mixtures 
of these functional 
groups, (This waste does 
not include still 
bottoms from the 
distillation of benzyl 
chloride.) . 

Kl50 ......................... Organic residuals, (T) 
excluding spent carbon 
adsorbent, from the 
spent chlorine gas and 
hydrochloric acid 
recovery processes 
associated with the 
production of alpha- (or 
methyl-) chlorinated 
toluenes, ring-
chlorinated toluenes, 
benzoyl chlorides, and 
compounds with mixtures 
of these functional 
groups. 

Kl51 ......................... Wastewater treatment (T) 
sludges, excluding 
neutralization and 
biological sludges, 
generated during the 
treatment of wastewaters 
from the production of 
alpha- (or methyl-) 
chlorinated toluenes, 
ring-chlorinated 
toluenes, benzoyl 
chlorides, and compounds 
with mixtures of these 
functional groups. 

Kl56 ......................... Organic waste (including (T) 
heavy ends, still 
bottoms, light ends, 
spent solvents, 
filtrates, and 
decantates) from the 
production of carbamates 
and carbamoyl oximes. 
(This listing does not 
apply to wastes 
generated from the 
manufacture of 3-iodo-2-
propynyl n-
butylcarbamate.). 

Kl57 ......................... Wastewaters (including (T) 
::;crubber waters, 

lf1{)Jifll\l I I .nn A t>.A 
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condenser waters, 
washwaters, and 
separation waters) from 
the production of 
carbamates and carbamoyl 
oximes. (This listing 
does not apply to wastes 
generated from the 
manufacture of 3-iodo-2-
propynyl n
butylcarbamate.). 

Kl58......................... Bag house dusts and 
filter/separation solids 
from the production of 
carbamates and carbamoyl 
oximes. (This listing 
does not apply to wastes 
generated from the 
manufacture of 3-iodo-2-
propynyl n
butylcarbamate.). 

Kl59 ......................... Organics from the 

Kl61 ........................ . 

Kl 74 ........................ . 

treatment of 
thiocarbamate wastes. 

Purification solids 
(including filtration, 
evaporation, and 
centrifugation solids) , 
bag house dust and floor 
sweepings from the 
production of 
dithiocarbamate acids 
and their salts. (This 
listing does not include 
Kl25 or Kl26.) . 

Wastewater treatment 
sludges from the 
production of ethylene 
dichloride or vinyl 
chloride monomer 
(including sludges that 
result from commingled 
ethylene dichloride or 
vinyl chloride monomer 
wastewater and other 
wastewater) , unless the 
sludges meet the 
following conditions: 
(i) they are disposed of 
in a subtitle C or non
hazardous landfill 
licensed or permitted by 
the state or federal 
government; ( i i) they 
are not otherwise placed 
on the land prior to 
final disposal; and 
(iii) the generator 
maintains documentation 
demonstrating that the 
waste was either 
disposed of in an on
site landfill or 
consigned to a 
transporter or disposal 

(T) 

(T) 

(R,T) 

(T) 
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facility that provided a 
written commitment to 
dispose of the waste in 
an off-site landfill. 
Respondents in any 
action brought to 
enforce the requirements 
of subtitle C must, upon 
a showing by the 
government that the 
respondent managed 
wastewater treatment 
sludges from the 
production of vinyl 
chloride monomer or 
ethylene dichloride, 
demonstrate that they 
meet the terms of the 
exclusion set forth 
above. In doing so, they 
must provide appropriate 
documentation (e.g., 
contracts between the 
generator and the 
landfill owner/operator, 
invoices documenting 
delivery of waste to 
landfill, etc.) that the 
terms of the exclusion 
were met. 

Wastewater treatment (T) 
sludges from the 
production of vinyl 
chloride monomer using 
mercuric chloride 
catalyst in an acetylene
based process. 

Brine purification muds (T) 
from the mercury cell 
process in chlorine 
production, where 
separately prepurified 
brine is not used. 

Chlorinated hydrocarbon (T) 
waste from the 
purification step of the 
diaphragm cell process 
using graphite anodes in 
chlorine production. 

Wastewater treatment (T) 
sludge from the mercury 
cell process in chlorine 
production. 

Baghouse filters from the (E) 
production of antimony 
oxide, including filters 
from the production of 
intermediates (e.g., 
antimony metal or crude 
antimony oxide) . 

Slag from the production (T) 
of antimony oxide that 
is speculatively 
accumulated or disposed, 
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including slag from the 
production of 
intermediates (e.g., 
antimony metal or crude 
antimony oxide) . 

Kl78......................... Residues from 
manufacturing and 
manufacturing-site 
storage of ferric 
chloride from acids 
formed during the 
production of titanium 
dioxide using the 
chloride-ilmenite 
process. 

Pesticides: 
K031 ........................ . 

Ko::.2 ........................ . 

K033 ........................ . 

By-product salts 
generated in the 
production of MSMA and 
cacodylic acid. 

Wastewater treatment 
sludge from the 
production of chlordane. 

Wastewater and scrub 
water from the 
chlorination of 
cyclopentadiene in the 
production of chlordane. 

(T) 

(T) 

(T) 

(T) 

K034......................... Filter solids from the (T) 
filtration of 
hexachlorocyclopentadien 
e in the production of 
chlordane. 

K035......................... Wastewater treatment 
sludges generated in the 
production of creosote. 

K036 ......................... Still bottoms from 
toluene reclamation 
distillation in the 
production of disulfoton. 

(T) 

(T) 

K037 ......................... Wastewater treatment (T) 
sludges from the 
production of disulfoton. 

K038 ......................... Wastewater from the (T) 
washing and stripping of 
phorate production. 

K03 9. . . . . . . . . . . . . . . . . . . . . . . . . Filter cake from the (T) 
filtration of 
diethylphosphorodithioic 
acid in the production 
of phorate. 

K040......................... Wastewater treatment (T) 
sludge from the 
production of phorate. 

K041......................... Wastewater treatment (T) 
sludge from the 
production of toxaphene. 

K042......................... Heavy ends or (T) 
distillation residues 
from the distillation of 
tetrachlorobenzene in 
the production of 2,4,5-
T. 

K043......................... 2, 6-Dichlorophenol waste (T) 
from the production of 
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2,4-0. 
K097 ......................... Vacuum stripper discharge (T) 

from the chlordane 
chlorinator in the 
production of chlordane. 

K09S ......................... Untreated process (T) 

K099. 

Kl2:.3. 

Kl24 ........................ . 

wastewater from the 
production of toxaphene. 

Untreated wastewater from 
the production of 2,4-D. 

Process wastewater 
(including supernates, 
filtrates, and 
washwaters) from the 
production of 
ethylenebisdithiocarbami 
c acid and its salt. 

Reactor vent scrubber 
water from the 
production of 
ethylenebisdithiocarbami 
c acid and its salts. 

Kl25......................... Filtration, evaporation, 
and centrifugation 
solids from the 
production of 
ethylenebisdithiocarbami 
c acid and its salts. 

Kl26......................... Baghouse dust and floor 
sweepings in milling and 
packaging operations 
from the production or 
formulation of 
ethylenebisdithiocarbami 
c acid and its salts. 

Kl3l......................... Wastewater from the 
reactor and spent 
sulfuric acid from the 
acid dryer from the 
production of methyl 
bromide. 

Kl32 ......................... Spent absorbent and 

Explosives: 

wastewater separator 
solids from the 
production of methyl 
bromide. 

(T) 

(T) 

(C, T) 

(T) 

(T) 

(C, T) 

(T) 

K044 ............. . Wastewater treatment (R) 

K045 ........................ . 

K046 ........................ . 

K04 7 .................... . 

Petroleum refining: 
K048 ............ . 

sludges from the 
manufacturing and 
processing of explosives. 

Spent carbon from the (R) 
treatment of wastewater 
containing explosives. 

Wastewater treatment (T) 
sludges from the 
manufacturing, 
formulation and loading 
of lead-based initiating 
compounds . 

Pink/red water from TNT 
operations. 

Dissolved air flotation 
(OAF) float from the 

(R) 

(T) 
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petroleum refining 
industry. 

K049......................... Slop oil emulsion solids (T) 
from the petroleum 
refining industry. 

KOSO......................... Heat exchanger bundle (T) 
cleaning sludge from the 
petroleum refining 
industry. 

KOSl......................... API separator sludge from (T) 
the petroleum refining 
industry. 

K0:'2......................... Tank bottoms (leaded) (T) 
from the petroleum 
refining industry. 

Kl69. . . . . . . . . . . . . . . . . . . . . . . . . Crude oil storage tank (T) 
sediment from petroleum 
refining operations. 

K170......................... Clarified slurry oil tank (T) 
sediment and/or in-line 
filter/separation solids 
from petroleum refining 
operations. 

K171. . . . . . . . . . . . . . . . . . . . . . . . . Spent Hydrotreating (I, T) 
catalyst from petroleum 
refining operations, 
including guard beds 
used to desulfurize 
feeds to other catalytic 
reactors (this listing 
does not include inert 
support media) . 

Kl72 ......................... Spent Hydrorefining (I,T) 

Iron and steel: 
K061 ...................... . 

K062 ........................ . 

Primary copper: 
Primary lead: 
Primary zinc: 
Primary aluminum: 

KOBB ...................... . 

Ferroalloys: 
Secondary lead: 

K069 ........................ . 

catalyst from petroleum 
refining operations, 
including guard beds 
used to desulfurize 
feeds to other catalytic 
reactors (this listing 
does not include inert 
support media) . 

Emission control dust/ 
sludge from the primary 
production of steel ln 
electric furnaces. 

Spent pickle liquor 
generated by steel 
finishing operations of 
facilities within the 
iron and steel industry 
(SIC Codes 331 and 332). 

Spent potliners from 
primary aluminum 
reduction. 

Emission control dust/ 
sludge from secondary 
lead smelting. (Note: 
This listing is stayed 

(T) 

(C,T) 

(T) 

(T) 
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Veterinary pharmaceuticals: 
K084 ..................... . 

KlOl ........................ . 
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Ink formulation: 
K086 .......... . 

Coking: 
K060. 

K087. 

Kl41 ........................ . 
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a~ninistratively for 
sludge generated from 
secondary acid scrubber 
systems. The stay will 
remain in effect until 
further administrative 
action is taken. If EPA 
takes further action 
effecting this stay, EPA 
will publish a notice of 
the action in the 
Federal Register. 

Waste leaching solution 
from acid leaching of 
emission control dust/ 
sludge from secondary 
lead smelting. 

Wastewater treatment 
sludges generated during 
the production of 
veterinary 
pharmaceuticals from 
arsenic or organa
arsenic compounds. 

Distillation tar residues 
from the distillation of 
aniline-based compounds 
in the production of 
veterinary 
pharmaceuticals from 
arsenic or organa
arsenic compounds. 

Residue from the use of 
activated carbon for 
decolorization in the 
production of veterinary 
pharmaceuticals from 
arsenic or organa
arsenic compounds. 

Solvent washes and 
sludges, caustic washes 
and sludges, or water 
washes and sludges from 
cleaning tubs and 
equipment used in the 
formulation of ink from 
pigments, driers, soaps, 
and stabilizers 
containing chromium and 
lead. 

Ammonia still lime sludge 
from coking operations. 

Decanter tank tar sludge 
from coking operations. 

Process residues from the 
recovery of coal tar, 
including, but not 
limited to, collecting 
sump residues from the 
production of coke from 
coal or the recovery of 
coke by-products 

(T) 

(T) 

(T) 

(T) 

(T) 

(T) 

(T) 

(T) 
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• 

produced from coal. This 
listing does not include 
K087 (decanter tank tar 
sludges from coking 
operations). 

Kl4 2. . . . . . . . . . . . . . . . . . . . . . . . . Tar storage tank residues (T) 
from the production of 
coke from coal or from 
the recovery of coke by
products produced from 
coal. 

Kl4 3. . . . . . . . . . . . . . . . . . . . . . . . . Process residues from the (T) 
recovery of light oil, 
including, but not 
limited to, those 
generated in stills, 
decanters, and wash oil 
recovery units from the 
recovery of coke by-
products produced from 
coal. 

Kl44......................... 1-Jastewater sump residues (T) 
from light oil refining, 
including, but not 
limited to, intercepting 
or contamination sump 
sludges from the 
recovery of coke by-
products produced from 
coal. 

Kl45......................... Residues from naphthalene (T) 
collection and recovery 
operations from the 
recovery of coke by-
products produced from 
coal. 

Kl4 7.. . . . . . . . . . . . . . . . . . . . . . . . Tar storage tank residues (T) 
from coal tar refining. 

Kl48......................... Residues from coal tar (T) 
distillation, including 
but not limited to, 
still bottoms. 

[46 FR 4618, Jan. 16, 1981] 

Editorial Note: For FEDERAL REGISTER citations affecting §261.32, see the List of CFR Sections 
Affected, which appears in the Finding Aids section ofthe printed volume and on GPO Access. 

[TOP] 
§261.33 Discarded commercial chemical products, off-specification species, container residues, 
and spill residues thereof. 

The following materials or items are hazardous wastes if and when they are discarded or intended to be 
discarded as described in §261.2(a)(2)(i), when they are mixed with waste oil or used oil or other 
material and applied to the land for dust suppression or road treatment, when they are otherwise applied 
to the land in lieu of their original intended use or when they are contained in products that are applied 
to the land in lieu of their original intended use, or when, in lieu of their original intended use, they are 
produced for use as (or as a component of) a fuel, distributed for use as a fuel, or burned as a fuel. 
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Correct Procedure" found in "Test r-.-tethods for [,·alu:lling Solid Waste. Physicai/Chcmicall\kthods," EPA Publication S\V-846, as incorporated by 
rl'fcren•:e in §::'60.11 of this chapter. Prior to !ina! sampling and analysis method selection. the indi,·idual should consult the specilic section or method 
described in S\V-S-16 for additional guidance on which of the approYed methods should be employed for a specilic sample analysis situation . 

• 58FR-1604'J.r\ug.31.1993] 

Appendix. I\' to Part 261 (Rcsen-ed for Radioacti,·c Waste Test Methods] Appendix V to Part 261 [Reserved for Infectious 

\Vast<~ Treatment Specifications] Appendix VI to Part 26\ [Reserved for Etiologic Agents] 

Appendix VII to Part 261 --Basis for Listing Hazardous Waste 

EPA hazardous waste No. 

FOOl. 

~oo2 .... 

F003 .............. . 
!:'004 ......................... . 

!:'005. 

It::··:::·:::::::·:::::·:::::::: 
FOOB ........................... . 
F009 ........................... . 
FOlO ........................... . 
FOll ........................... . 
F012 ........................... . 
F019 ........................... . 

F020 ........................... . 

F021 ........................... . 

?022 ..... ...................... . 

?023 ........................... . 

?02·1 ........................... . 

Hazardous constituents for which 
listed 

Tetrachloroethylene, methylene 
chloride trichloroethylene, 1,1, 1-
trichloroethane, carbon 
tetrachloride, chlorinated 
fluorocarbons. 

Tetrachloroethylene, methylene 
chloride, trichloroethylene, 1, 1,1-
trichloroethane, 1,1,2-
trichloroethane, chlorobenzene, 1,1,2-
trichloro-1,2,2-trichfluoroethane, 
ortho-dichlorobenzene, 
trichlorofluoromethane. 

N.A. 
Cresols and cresylic acid, 
nitrobenzene. 

Toluene, methyl ethyl ketone, carbon 
disulfide, isobutanol, pyridine, 2-
ethoxyethanol, benzene, 2-
nitropropane. 

Cadmium, hexavalent chromium, nickel, 
cyanide (complexed). 

Cyanide (salts). 
Cyanide (salts) 
Cyanide (salts). 
Cyanide (salts). 
Cyanide (salts) . 
Cyanide (complexed). 
Hexavalent chromium, cyanide 

(complexed). 
Tetra- and pentachlorodibenzo-p
dioxins; tetra and pentachlorodi
benzofurans; tri- and 
tetrachlorophenols and their 
chlorophenoxy derivative acids, 
esters, ethers, amine and other 
salts. 

Penta- and hexachlorodibenzo-p
dioxins; penta- and 
hexachlorodibenzofurans; 
pentachlorophenol and its 
derivatives. 

Tetra-, penta-, and hexachlorodibenzo
p-dioxins; tetra-, penta-, and 
hexachlorodibenzofurans. 

Tetra-, and pentachlorodibenzo-p
dioxins; tetra- and 
pentachlorodibenzofurans; tri- and 
tetrachlorophenols and their 
chlorophenoxy derivative acids, 
esters, ethers, amine and other 
salts. 

Chloromethane, dichloromethane, 
trichloromethane, carbon 
tetrachloride, chloroethylene, 1,1-
dichloroethane, 1,2-dichloroethane, 
trans-1-2-dichloroethylene, 1,1-
dichloroethylene, 1, 1, 1-
trichloroethane, 1,1,2-
trichloroethane, trichloroethylene, 
1,1,1,2-tetra-chloroethane, 1,1,2,2-

I/'1(\J'1N\') I l·fli i. \,.( 

~J 



F'02 5 ....... . 

F026 ............. . 

F027 ........ . 

F028 ........................... . 

F032 ........................... . 

F034 ........................... . 

F035 ............ · ... · · · · · · · · · · · · 
F03 7 ........................... . 

F03 8 ................ · · · · · · · · · · · · 

F03 9 ..... 

K001 .. 

• 
96 of229 

tetrachloroethane, 
tetrachloroethylene, 
pentachloroethane, hexachloroethane, 
allyl chloride (3-chloropropene), 
dichloropropane, dich1oropropene, 2-
chloro-1,3-butadiene, hexachloro-1,3-
butadiene, hexachlorocyclopentadiene, 
hexachlorocyclohexane, benzene, 
chlorbenzene, dichlorobenzenes, 1,2,4-
trichlorobenzene, tetrachlorobenzene, 
pentachlorobenzene, 
hexachlorobenzene, toluene, 
naphthalene. 

Chloromethane; Dichloromethane; 
Trichloromethane; Carbon 
tetrachloride; Chloroethylene; 1,1-
Dichloroethane; 1,2-Dichloroethane; 
trans-1,2-Dichloroethylene; 1,1-
Dichloroethylene; 1,1,1-
Trichloroethane; 1, 1, 2-
Trichloroethane; Trichloroethylene; 
1,1,1,2-Tetrachloroethane; 1,1,2,2-
Tetrachloroethane; 
Tetrachloroethylene; 
Pentachloroethane; Hexachloroethane; 
Allyl chloride (3-Chloropropene); 
Dichloropropane; Dichloropropene; 2-
Chloro-1,3-butadiene; Hexachloro-1,3-
butadiene; Hexachlorocyclopentadiene; 
Benzene; Chlorobenzene; 
Dichlorobenzene; 1,2,4-
Trichlorobenzene; Tetrachlorobenzene; 
Pentachlorobenzene; 
Hexachlorobenzene; Toluene; 
Naphthalene. 

Tetra-, penta-, and hexachlorodibenzo
p-dioxins; tetra-, penta-, and 
hexachlorodibenzofurans. 

Tetra-, penta-, and hexachlorodibenzo
p- dioxins; tetra-, penta-, and 
hexachlorodibenzofurans; tri-, tetra
' and pentachlorophenols and their 
chlorophenoxy derivative acids, 
esters, ethers, amine and other 
salts. 

Tetra-, penta-, and hexachlorodibenzo
p- dioxins; tetra-, penta-, and 
hexachlorodibenzofurans; tri-, tetra
, and pentachlorophenols and their 
chlorophenoxy derivative acids, 
esters, ethers, amine and other 
salts. 

Benz(a)anthracene, benzo(a)pyrene, 
dibenz(a,h)-anthracene, indeno(1,2,3-
cd)pyrene, pentachlorophenol, 
arsenic, chromium, tetra-, penta-, 
hexa-, heptachlorodibenzo-p-dioxins, 
tetra-, penta-, hexa-, 
heptachlorodibenzofurans. 

Benz(a)anthracene, 
benzo(k)fluoranthene, benzo(a)pyrene, 
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene, naphthalene, arsenic, 
chromium. 

Arsenic, chromium, lead. 
Benzene, benzo(a)pyrene, chrysene, 

lead, chromium. 
Benzene, benzo(a)pyrene chrysene, 

lead, chromium. 
All constituents for which treatment 

standards are specified for multi
source leachate (wastewaters and 
nonwastewaters) under 40 CFR 
268.43(a), Table CCW. 

Pentachlorophenol, phenol, 2-
chlorophenol, p-chloro-m-cresol, 2,4-
dirnethylphenyl, 2,4-dinitrophenol, 
trichlorophenols, tetrachlorophenols, 
2,4-dinitrophenol, cresosote, 
chrysene, naphthalene, fluoranthene, 

7/30/20(>2 !!:07 Aivl 
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t:oo2 ... 
K003 .. 
r:OO·l ... 

KOOS .. 
K006 .. . 
K007 .. . 

KOOS ... 
K009. 

KOlO ..... 

KOll. . 

KOlJ .. 

FO l 4 .. 
KOlS . . 

K016 ........ . 

)(017 ........... . 

J\018 ....................... . 

1<019 ... 

)(020 ...... . 

:{021. 

::<022 ......................... - .. 

:<023 ....................... . 
:~024 ........................... . 

;~o :~ s ........................ · · · · 

:<::026 .. . 
;{027 ... . 

:<028 ... 
:<02 9 ......... . 

:<030 ....... - ................... . 

:<OJ l ... 
::<032 .. 
::<033 ... 
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benzo(b) fluoranthene, benzo(a)pyrene, 
indeno(l,2,3-cd)pyrene, 
benz(a)anthracene, 
dibenz(a)anthracene, acenaphthalene . 

Hexavalent chromium, lead 
Hexavalent chromium, lead. 
Hexavaler1t chromium. 
Hexavalent chromium, lead. 
Hexavalent chromium. 
Cyanide (complexed), hexavalent 

chromium. 
Hexavalent chromium. 
Chloroform, formaldehyde, methylene 
chloride, methyl chloride, 
paraldehyde, formic acid. 

Chloroform, formaldehyde, methylene 
chloride, methyl chloride, 
paraldehyde, formic acid, 
chloroacetaldehyde. 

Acrylonitrile, acetonitrile, 
hydrocyanic acid. 

Hydrocyanic acid, acrylonitrile, 
acetonitrile. 

Acetonitrile, acrylamide. 
Benzyl chloride, chlorobenzene, 

toluene, benzotrichloride. 
Hexachlorobenzene, 
hexachlorobutadiene, carbon 
tetrachloride, hexachloroethane, 
perchloroethylene. 

Epichlorohydrin, chloroethers 
[bis(chloromethyl) ether and bis (2-
chloroethyl) ethers] , 
trichloropropane, dichloropropanols. 

1,2-dichloroethane, trichloroethylene, 
hexachlorobutadiene, 
hexachlorobenzene. 

Ethylene dichloride, 1,1, 1-
trichloroethane, 1, 1, 2-
trichloroethane, tetrachloroethanes 
(1,1,2,2-tetrachloroethane and 
l, 1, 1, 2- tetrachloroethane) , 
trichloroethylene, 
tetrachloroethylene, carbon 
tetrachloride, chloroform, vinyl 
chloride, vinylidene chloride. 

Ethylene dichloride, 1, 1, 1-
trichloroethane, 1,1,2-
trichloroethane, tetrachloroethanes 
(1,1,2,2-tetrachloroethane and 
1,1,1,2-tetrachloroethane), 
trichloroethylene, 
tetrachloroethylene, carbon 
tetrachloride, chloroform, vinyl 
chloride, vinylidene chloride. 

Antimony, carbon tetrachloride, 
chloroform. 

Phenol, tars (polycyclic aromatic 
hydrocarbons) . 

Phthalic anhydride, maleic anhydride. 
Phthalic anhydride, 1,4-
naphthoquinone. 

Meta-dinitrobenzene, 2,4-
dinitrotoluene. 

Paraldehyde, pyridines, 2-picoline. 
Toluene diisocyanate, toluene-2, 4-

diamine. 
1,1,1-trichloroethane, vinyl chloride. 
1, 2 -dichloroethane, 1, 1, 1-
trichloroethane, vinyl chloride, 
vinylidene chloride, chloroform. 

Hexachlorobenzene, 
hexachlorobutadiene, 
hexachloroethane, 1,1,1,2-
tetrachloroethane, 1, 1, 2, 2-
tetrachlcroethane, ethylene 
dichloride. 

l'.rsenic. 
Hexachlorocyclopentadiene. 
Hexachlorocyclopentadiene. 
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K034 .. . 
K03S ........................... . 

K036 .. 

K037 .. 

K038 .. 

:-:oJ 9 .. 

:-:0•10 .. 

:-:041 .. 
:-:0-12. 

0:0·13. 

KOH. 

K04 S. 
K046. 
K0-1 7 ............. . 

K04 8 .. . 
K049 .............. . 
KOSO .............. . 

KOSl .. 
KOS2. 
K060 .. 

K06l ... 
K062 .. 

K064 .. 
K06S .. 

K066 .. 
K069 .. 
K07l ........................... . 

K073 .................. . 

K083 ......... . 

K084 ........................... . 

KOSS ........................... . 

K086 ........... . 
K087 ........... . 

K088 .. 

K090 .. 
K09l. . . . . . . . . . . . . . . . . . . ....... . 
K093 ........................... . 

K094 .. 
K09S ..... . 

K096 ........................... . 

K097 ... . 

K098 .... . 

K099 ........ . 

KlOO ......... . 

KlOl .. . 
Kl02 .. . 

i<l03 .. 

Y.l04 .. 

nos .. 
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Hexachlorocyclopentadiene. 
Creosote, chrysene, naphthalene, 

fluoranthene benzo(b) fluoranthene, 
benzo(a)pyrene, indeno(l,2,3-cd) 
pyrene, benzo(a)anthracene, 
dibenzo(alanthracene, acenaphthalene. 

Toluene, phosphorodithioic and 
phosphorothioic acid esters. 

Toluene, phcsphorodithioic and 
phosphorothioic acid esters. 

Phorate, fo:·:naldehyde, 
phosphorod~thioic and phosphorothioic 
acid estet·s. 

Phosphorodi:hioic and phosphorothioic 
acid esters. 

Phorate, for:naldehyde, 
phosphorodi:hioic and phosphorothioic 
acid esters. 

Toxaphene. 
Hexachlorobenzene, ortho
dichlorobe:ozene. 

2, 4 -dichlorophenol, 2, 6-
dichlorophenol, 2, 4, 6-
trichloropl:enol. 

N.A. 
N .. 1\. 

Lead. 
N.A. 
Hexavalent chromium, 
Hexavalent chromium, 
Hexavalent chromium. 

lead. 
lead. 

Hexavalent chromium, lead. 
Lead. 
Cyanide, nap:halene,· phenolic 

compounds, arsenic. 
Hexavalent chromium, lead, cadmium. 
Hexavalent chromium, lead. 
Lead, cadmi c:::-,. 

Do. 
Do. 

Hexavalent chromium, lead, cadmium. 
Nercury. 
Chloroform, carbon tetrachloride, 
hexacholroe:hane, trichloroethane, 
tetrachloroethylene, 
dichloroetr.ylene, 1, 1, 2, 2-
tetrachloroethane. 

Aniline, diphenylamine, nitrobenzene, 
phenylenediamine. 

Arsenic. 
Benzene, dichlorobenzenes, 

trichlorobenzenes, 
tetrachloro8enzenes, 
pentachlorcbenzene, 
hexachlorobenzene, benzyl chloride. 

Lead, hexavalent chromium. 
Phenol, naphthalene. 
Cyanide (coGplexes) 
Chromium. 

Do. 
Phthalic anhydride, maleic anhydride. 
Phthalic anhydride. 
1,1,2-trichl::>roethane, 1,1,1,2-
tetrachlor::>e:hane, 1,1,2,2-
tetrachlorce:hane. 

1, 2 -dichlorce:hane, 1, 1, 1-
t richloroet':ane, 1, 1, 2-
trichloroet~.ane. 

Chlordane, heptachlor. 
Toxaphene. 
2, 4 -dichlorc;:henol, 2, 4, 6-

trichlorop'-.enol. 
Hexavalent chromium, lead, cadmium. 
Arsenic. 
Arsenic. 
Aniline, ni:~abenzene, 

phenylened~a:nine. 

Aniline, be:ozene, diphenylamine, 
nitrobenze~~. phenylenediamine. 

Benzene, mo~.sshlorobenzene, 
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K107 .. 
K108 .. 
K109 .. 

KllO. 
Klll. 
K112. 

K113. 

K114. 

IGlS .... . 
K116 ... . 

K11 7 ... 
!(118 .. 
K123 .. 
K124 ..... 
K125. 
K126. 
K13l. 
Kl32. 
1<136 ... . 
K1H .... . 

~'<1·12 ....... . 

i<l-13 ........................... . 

Kl-!4 ........................... . 

.K14 5 ........................... . 

Kl-17 ... 

K1·18 ........................... . 

Kl49 ................ . 

KlSO ........................... . 

Y.l51. 

Kl56 .. 
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dichlorobenzenes, 2,4,6-
trichlorophenol. 

~lercury. 

1,1-Dimethylhydrazine (UDMH). 
1,1-Dimethylhydrazine (UDMH) 
1,1-Dimethylhydrazine (UDMH) 
1, l·Dimethylhydrazine (UD~IH) 

2,4-Dinitrotoluene. 
2,4-Toluenediamine, a-toluidine, p-
toluidine, aniline. 

2,4-Toluenediamine, a-toluidine, p
toluidine, aniline. 

2,4-Toluenediamine, a-toluidine, p
toluidine. 

2,4-Toluenediamine. 
Carbon tetrachloride, 
tetrachloroethylene, chloroform, 
phosgene. 

Ethylene dibromide. 
Ethylene dibromide. 
Ethylene thiourea. 
Ethylene thiourea. 
Ethylene thiourea. 
Ethylene thiourea. 
Dimethyl sulfate, methyl bromide. 
Methyl bromide. 
Ethyle~e dibromide. 
Benzene, benz(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, 
dibenz(a,h)anthracene, indeno(l,2,3-
cd)pyrene. 

Benzene, benz(a)anthracene, 
benzo(a~pyrene, benzo(b)fluoranthen~. 
benzo(k)fluoranthene, 
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene. 

Benzene, benz(a)anthracene, 
benzo(b)fluoranthene, 
benzo(k)fluoranthene. 

Benzene, benz(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, 
dibenz(a,h)anthracene. 

Benzene, benz(a)anthracene, 
benzo(a)pyrene, 
dibenz(a,h)anthracene, naphthalene. 

Benzene, benz(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, 
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene. 

Benz(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, 
benzo(k)fluoranthene, 
dibenz(a,h)anthracene, indeno(l,2,3-
cd)pyrene. 

Benzotrichloride, benzyl chloride, 
chloroform, chloromethane, 
chlorobenzene, 1,4-dichlorobenzene, 
hexachlorobenzene, 
pentachlorobenzene, 1,2,4,5-
tetrachlorobenzene, toluene. 

Carbon tetrachloride, chloroform, 
chloromethane, 1,4-dichlorobenzene, 
hexachlorobenzene, 
pentachlorobenzene, 1,2,4,5-
tetrachlorobenzene, 1,1,2,2-
tetrachloroethane, 
tetrachloroethylene, 1,2,4-
trichlorobenzene. 

Benzene, carbon tetrachloride, 
chloroform, hexachlorobenzene, 
pentachlorobenzene, toluene, 1, 2, 4, 5-
tetrachlorobenzene, 
tetrachloroethylene. 

Benomyl, carbaryl, carbendazim, 
carbofuran, carbosulfan, 
formaldehyde, methylene chloride, 
triethjlamine. 
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K157 .... 

KlSS ... 

Kl59. 

K161. 

K169 
K170. 

K171. 
K172. 
K17~. 

K1 75 .. . 
K1 76 ... . 
K1 77 .. 
Kl 78 ........................... . 

Carbon tetrachloride, formaldehyde, 
methyl chloride, methylene chloride, 
pyridine, triethylamine. 

Benomyl, carbendazim, carbofuran, 
carbosulfan, chloroform, methylene 
chloride. 

Benzene, butylate, eptc, molinate, 
pebulate, vernolate. 

Antimony, arsenic, metam-sodium, 
zicam. 

Benzene. 
Benzo(a)pyrene, dibenz(a,h)anthracene, 

benzo (a) anthracene, benzo 
(b)fluoranthene, 
benzo(k)fluoranthene, 3-
methylcholanthrene, 7, 12-
dimethylbenz(a)anthracene. 

Benzene, arsenic. 
Benzene, arsenic. 
1,2,3,4,6,7,8-Heptachlorodibenzo-p
dioxin (1,2,3,4,6,7,8-HpCDD), 
1,2,3,4,6,7,8-Heptachlorodibenzofuran 
(1,2,3,4,6,7,8-HpCDF), 1,2,3,4,7,8,9-
Heptachlorodibenzofuran 
(1,2,3,6,7,8,9-HpCDF), HxCDDs (All 
Hexachlorodibenzo-p-dioxins) , HxCDFs 
(All Hexachlorodibenzofurans) , PeCDDs 
(All Pentachlorodibenzo-p-dioxins), 

OCDD (1,2,3,4,6,7,8,9-
0ctachlorodibenzo-p-dioxin, OCDF 
(1,2,3,4,6,7,8,9-
0ctachlorodibenzofuran) , PeCDFs (All 
Pentachlorodibenzofurans), TCDDs (All 
tetrachlorodi-benzo-p-dioxins), TCDFs 
(All tetrachlorodibenzofurans) . 

~lercury 

Arsenic, Lead. 
Antimony. 
Thallium. 

N.A.--Waste is hazardous because it fails the test for the 
characteristic of ignitability, corrosivity, or reactivity. 

[46 FR46!9, Jan. 16, 1981] 

Editorial Note: For FEDERAL REGISTER citations affecting Appendix VII, part 261, see the List ofCFR Sections Affected, which appears in the Finding 
Aids section of the printed volume and on GPO Access. 

Appendix VIII to Part 261 --Hazardous Constituents 

Common name 

A2213 ..................................... . 

Acetonitrile .............................. . 
Acetophenone .............................. . 
2-Acetylaminefluarone ..................... . 
Acetjl chloride ........................... . 
1-Acetyl-2-thiourea ....................... . 
Acrolein .................................. . 
Acrylamide. .. . . . ..................... . 
Acrylonitrile ............................. . 
Aflacoxins.......... . ............... . 
Aldicarb ........................... . 

Aldicarb sulfone ................... . 

J..ldrin .... 

Chemical abstracts name 

Ethanimidothioic acid, 2-
(dimethylamino) -N-hydroxy-2-oxo-, 
methyl ester. 

Same .............................. . 
Ethanone, 1-phenyl- ............... . 
Acetamide, N-9H-fluoren-2-yl- ..... . 
Same .............................. . 
Acetamide, N-(aminothioxomethyl)- .. 
2-Propenal ........................ . 
2- Propenamide ..................... . 
2-Propenenitrile .................. . 
Same .............................. . 
Propanal, 2-methyl-2- (methylthio)-, 
0- [(methylamino)carbonyl]oxime. 

Propanal, 2-methyl-2-
(methylsulfonyl) -, 0-
[(methylamino) carbonyl] oxime. 

1,4,5,8-Dimethanonaphthalene, 
1,2,3,4,10,10-10-hexachloro-
1,4,4a,5,8,8a-hexahydro-, 
(1alpha,4alpha,4abeta,5alpha,8alph 

Chemical Haz 
abstracts No. 

30558-43-1 

75-05-8 
98-86-2 
53-96-3 
75-36-5 

591-08-2 
107-02-8 

79-06-1 
107-13-1 

1402-68-2 
116-06-3 

1646-88-4 

309-00-2 

was 
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THIS DATA CURRENT AS OF THE FEDERAL REGISTER DATED JULY 26,2002 

40 CFR 
Protection of Environment 

CHAPTER I 
ENVIRONMENTAL PROTECTION AGENCY (CONTINUED) 

SUBCHAPTER R --TOXIC SUBSTANCES CONTROL ACT 

PART 766-- DIBENZO-PARA-DIOXINS/DIBENZOFURANS 

Sec. 
766.1 Scope and purpose. 
766.2 Applicability and duration of this part. 
166.3 Definitions. 
766.5 Compliance. 
766.7 Submission of infon11ation. 
766.1 Q Test standards. 
766.12 Testing guidelines. 
766.14 Contents of protocols. 

Subpart A-- General ProYisions 

766.16 Developing the analytical test method. 
166.18 Method sensitivity. 

Subpart B --Specific Chemical Testing/Reporting Requirements 

166.2Q Who must test. 
766.25 Chemical substances for testing. 
766.21 Congeners and LOQs for which quantitation is required. 
766 28 Expert review of protocols. 
766.32 Exclusions and waivers. 
166.32_ Reporting requirements. 
766Jl)_ Reporting on precursor chemical substances. 

Authority: 15 U.S.C. 2603 and 2607. 

Source: 52 FR 21437, June 5, 1987, unless otherwise noted . 

Subpart A-- General Provisions 
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ITOPJ 
§766. I Scope and purpose. 

(a) This part identifies requirements for testing under section 4 of the Toxic Substances Control Act 
(TSCA), 15 U.S.C. 2603, to ascertain whether certain specified chemical substances may be 
contaminated with halogenated dibenzodioxins (HDDs)/dibenzofurans (HDFs) as defined in §766.3, and 
requirements for reporting under section 8 ofTSCA, 15 U.S.C. 2607. 

(b) Section 766.35(b) requires manufacturers and processors of chemical substances identified in 
§766.25 to submit to EPA: 

( 1) Any existing test data showing analysis of the chemical substances for concentrations of 
HDDs/HDFs, applicable protocols, and the results of the analysis for HDDs/HDFs, (2) allegations of 
significant adverse reactions to HDDs/HDFs, compiled in accordance with part 717 ofthis chapter, and 
(3) health and safety studies on the HDDs/HDFs, in accordance with applicable provisions of part 716 
of this chapter. 

(c) Section 766.35(a) requires manufacturers and, under certain circumstances, processors of chemical 
substances identified in §766.25 to submit letters of intent to test and protocols for the analysis of the 
chemical substances for the presence ofHDDs/HDFs. Section 766.20 requires these manufacturers and 
processors to test their chemical substances for the presence of HDDs/HDFs. Any submissions must be 
in accordance with the EPA Procedures GoYeming Testing Consent Agreements and Test Rules 
contained in part 790 of this chapter and any modifications to such procedures contained in this part . 

(d) Section 766.32 specifies conditions under which persons required to test may request an exclusion or 
waiver from testing. 

(e) Deadlines for submission to EPA of protocols, rep otis, studies, and test results are specified in part 
790, subpart C and §766.35. 

(f) Sections 766.10, 766.12, 766.14, 766.16, and 766.18 prescribe analytical methods required; §766.27 
prescribes target levels of quantitation (LOQ) for each congener for which quantitation is required. 

(g) If results of existing tests or tests perfonned under this part indicate the presence of HDDs/HDFs in 
the identified chemical substance above the LOQ specified in §766.27, §766.35(c) requires the 
following additional reporting on the specified chemicals: production, process, use, exposure and 
disposal data under section 8(a) ofTSCA; health and safety studies under section 8(d) ofTSCA; and 
reports of allegations of significant adverse reactions under section 8( c) ofTSCA. In some cases, 
additional reporting may be required of manufacturers reporting no contamination of the identified 
chemical substances under §766.35(c)(2). 

(h) Section 766.38 requires manufacturers of chemical substances produced from chemical substances 
identified as possible precursors to HDD/HDF fonnation, to report on chemical substances produced 
from such precursors. 

[TOP] 
§766.2 Applicability and duration of this part. 
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(a) Chelllica! subsrances su~jecr ro resting. (I) This part is applicable to each person who, at any time 
during the duration of this part. manufactures (and/or imports), or processes, a chemical substance 
iclentitied under §766.25. 

(2) The duration of this part for any testing requirement for any chemical substance is the period 
commencing with the effecti\·e date of this part to the end of the reimbursement period, as defined in 
§766.3, for each chemical substance. All reporting requirements for any chemical substance listed under 
§766.:25 shall be in effect fcJr the same period as the testing requirement. 

(b) Precursor che111ical substances. (I) This part is applicable to each person who manufactures (and/or 
imports) a chemical substance from any precursor chemical substance identified in §766.38. 

(2) The requirement for precursor reporting under §766.38 shall be in effect until three years after the 
effective date of this part. 

(3) Small manufacturers are exempt from reporting process and reaction condition data on chemical 
substances made from precursor chemical substances listed under §766.38. 

[TOP} 
§766.3 Definitions. 

The definitions in section 3 ofTSCA and the definitions of §§704.3, 716.3, 717.3, and 790.3 of this 
chapter also apply to this part. 

Congener means any one particular member of a class of chemical substances. A specific congener is 
denoted by unique chemical structure, for example 2,3,7,8-tetrachlorodibenzofuran. 

Dibenzofuran means any of a family of compounds which has as a nucleus a triple-ring structure 
consisting of two benzene rings connected through a pair of bridges between the benzene rings. The 
bridges are a carbon-carbon bridge and a carbon-oxygen-carbon bridge at both substitution positions. 

Dibenzo-p-dioxin or dioxin means any of a family of compounds which has as a nucleus a triple-ring 
structure consisting of two benzene rings connected through a pair of oxygen atoms. 

Guidelines means the Midwest Research Institute (MRJ) publication Guidelines for the Determination 
ofPolyhalogenated Dioxins and Dibenzofurans in Commercial Products, EPA contract No. 68-02-393 8; 
MRJ Project No. 820 1-A( 41 ), 1985. 

HDD or 2,3,7,8-HDD means any of the dibenzo-p-dioxins totally chlorinated or totally brominated at 
the following positions on the molecular structure: 2,3,7,8; 1,2,3,7,8; 1,2,3,4,7,8; 1,2,3,6,7,8; 1,2,3,7,8,9; 
and I ,2,3,4,7,8,9. 

HDF or 2,3, 7,8-HDF means any of the dibenzofurans totally chlorinated or totally brominated at the 
following positions on the molecular structure: 2,3,7,8; 1,2,3,7,8; 2,3,4,7,8; 1,2,3,4,7,8; 1,2,3,6,7,8; 
I ,2,3,7,8,9; 2,3,4,6,7,8; 1 ,2,3,4,6,7,8; and 1 ,2,3,4,7,8,9. 

Homolog means a group of isomers that have the same degree of halogenation. For example, the 
homologous class of tetrachlorodibenzo-p-dioxins consists of all dibenzo-p-dioxins containing four 
chlorine atoms. When the homologous classes discussed in this part are refened to, the following 
abbreviations for the prefix denoting the number of halogens are used: 
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lctr;t-. T (4 a10ms) 

pcnla-. Pc (5 ato111s) 

hcxa-. Hx (6 ;lloms) 

hcpt1-. l-Ip (7 atoms) 

HRGC means high resolution gas chromatography. 

HRMS means high resolution mass spectrometry. 

Level ofquanritation or LOQ means the lowest concentration at which HDDs/HDFs can be reproducibly 
measured in a specific chemical substance within specified confidence limits, as described in this part. 

Polybrominaterl rliben:::ofitrans refers to any member of a class of dibenzofurans with two to eight 
bromine substituents. 

Polybron1inated diben:::o-p-dioxin or PBDD means to any member of a class of dibenzo-p-dioxins with 
two to eight bromine substituents. 

Po~rc!zlorinated dibenzofiumz means any member of a class of dibenzofurans with two to eight chlorine 
substituents. 

Polychlorinated dibenzo-p-dioxin or PCDD means any member of a class of dibenzo-p-dioxins with two 
10 eight chlorine substituents. 

Po!ylza!ogenated dibenzofiu'{lll or PHDF means any member of a class of dibenzofurans containing two 
to eight chlorine, bromine, or a combination of chlorine and bromine substituents. 

Polylzalogenated dibenzo-p-dioxin or PHDD means any member of a class of dibenzo-p-dioxins 
containing two to eight chlorine substituents or two to eight bromine substituents. 

Positive test result means: (1) Any resolvable gas chromatographic peak for any 2,3,7,8-HDD or HDF 
which exceeds the LOQ listed under §766.27 for that congener, or (2) exceeds LOQs approved by EPA 
under §766.28. 

Precursor means a chemical substance which is not contaminated due to the process conditions under 
which it is manufactured, but because of its molecular structure, and under favorable process condition::, 
it may cause or aid the formation of HDDs/HDFs in other chemicals in which it is used as a feedstock or 
intermediate. 

QA means quality assurance. 

QC means quality control. 

Reimbursement period means the period that begins when the data from the last test to be completed 
under this part for a specific chemical substance listed in §766.25 is submitted to EPA, and ends after an 
amount of time equal to that which had been required to develop that data or 5 years, whichever is later 

TSCA means the Toxic Substances Control Act, 15 U.S.C. 2601 et seq. 

7/1()11()111 1 1 ·10 h M 
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[IOPl 
§766.5 Compliance. 

Any person who fails or refuses to comply with any aspect ofthis part is in violation of section 15 of 
TSCA. Section 15( I) makes it unlawful for any person to fail or refuse to comply with any rule or order 
issued under section 4. Section 15(3) makes it unlawful for any person to fail or refuse to submit 
information required under this part. Section 16 provides that a violation of section 15 renders a person 
liable to the United States for a civil penalty and possible criminal prosecution. Under section 17 of 
TSCA, the district courts of the United States have jurisdiction to restrain any violation of section 15. 

[TOP] 
§766. 7 Submission of information. 

All information (including letters of intent, protocols, data, forms, studies, and allegations) submitted to 
EPA under this part must bear the applicable Code of Federal Regulations (CFR) section number (e.g., 
§766.20) and must be addressed to: Document Control Office, (7407), Information Management 
Division, Office of Polution Prevention and Toxics, Environmental Protection Agency, 1200 
Pennsylvania Ave., NW., Washington, DC 20460, ATTN: Dioxin/Furan Report. 

[52 FR 2143 7. June 5, 1987. as amended at 60 FR 31922, June 19, 1995] 

[JOP] 
§766.10 Test standards. 

Testing required under subpart B of this part must be perfom1ed using the protocols submitted to and 
reviewed by the EPA expe1i panel established under §766.28. All new data, documentation, records, 
protocols, specimens, and reports generated as a result of testing under subpart B of this part must be 
fully developed and retained in accordance with part 792 of this chapter. These items must be made 
available during an inspection or submitted to EPA upon request by EPA or its authorized 
representative. Laboratories conducting testing for submission to EPA in response to a test rule 
promulgated under section 4 ofTSCA must adhere to the TSCA Good Laboratory Practices (GLPs) 
published in part 792 of this chapter. Sponsors must notify the laboratory that the testing is being 
conducted pursuant to TSCA section 4. Sponsors are also responsible for ensuring that laboratories 
conducting the testing abide by the TSCA GLP standards. At the time test data are submitted, 
manufacturers must submit a certification to EPA that the laboratory performing the testing adhered to 
the TSCA GLPs. 

[TOI=.J 
§766.12 Testing guidelines. 

Analytical test methods must be developed using methods equivalent to those described or reviewed in 
Guidelines for the Determination ofPolyhalogenated Dibenzo-p-dioxins and Dibenzoji1rans in 
Commercial Products. Copies are available from the Director, Environmental Assistance Division 
(7408), Office of Pollution Prevention and Toxics, U.S.Environmental Protection Agency, Room 
E-543B, 1200 Pennsylvania Ave., NW., Washington, DC 20460, Telephone: (202) 554-1404, TDD: 
(202) 544-0551. Copies are also located in the public docket for this part (Docket No. OPPTS-83002) 
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:mel are available for inspection in the Non-Confidential Information Center (NCIC) (7407), Office of 
Pollution Prevention and Toxics, U.S. Environmental Protection Agency, Room B-607 NEM, 401 M 
St., SW., Washington, DC 20460. between the hours of 12 p.m. and 4 p.m. weekdays excluding legal 
holidays. 

(60 FR 34466. July J. 1995] 

/TOP] 
§766.14 Contents of protocols. 

Protocols should include all parts of the Quality Assurance Plan for Measurement of Brominated or 
Chlorinated Diben::ofurans and Dibemodioxins. as stated in the Guidelines. For each chemical 
substance and each process, the manufacturer must submit a statement of how many grades ofthe 
chemical substance it produces, a justification for selection of the specific grade of chemical substance 
for testing, specific plans for collection of samples from the process stream, naming the point of 
collection, the method of collecting the sample, and an estimate of how well the samples will represent 
the material to be characterized; a description of how control samples (blanks) and 
HDD/HDF-reinforced control samples, or isotopically labeled compounds (standards) and duplicate 
samples will be handled; a description of the chemical extraction and clean up procedures to be used; 
how extraction efficiency and measurement efficiency will be established; and a description of 
instrument hardware and operating conditions, including type and source of columns, carrier gas and 
flow rate, operating temperature range, and ion source temperature. 

·~ ITQel 

c. ~r t c 

§766.16 Developing the analytical test method. 

Because of the matrix differences of the chemicals listed for testing, no one method for sample 
selection, preparation, extraction and clean up is prescribed. For analysis, High Resolution Gas 
Chromatography (HRGC) with High Resolution Mass Spectrometry (HRMS) is the method of choice, 
but other methods may be used if they can be demonstrated to reach the target LOQs as well as 
HRGC/HRtviS. 

(a) Sample selection. The chemical product to be tested should be sampled so that the specimens 
collected for analysis are representative of the whole. Additional guidance for sample selection is 
provided under §766.12. 

(b) Sample preparation. The sample must be mechanically homogenized and subsampled as necessary. 
Subsamples must be spiked or reinforced with surrogate compounds or with standard stock solutions, 
and the surrogates or standards must be thoroughly incorporated by mechanical agitation. Additional 
guidance is provided under §766.12. 

(c) Sample extraction and cleanup. The spiked samples must be treated to separate the HDDs/HDFs 
from the sample matrix. Methods are reviewed in the Guidelines under § 766.12, but the final method or 
methods are left to the discretion of the analyst, provided the instrumental response of the surrogates 
meets the criteria listed in the Quality Assurance Plan for Measurement of Brominated or Chlorinated 
Dibenzojimms and Dibenzodioxins, Appendixes B and C of the Guidelines. Cleanup techniques are 
described in the Guidelines. These are chosen at the discretion of the analyst to meet the requirements of 
the chemical matrix. 
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(d) Analysis. The method of choice is High Resolution Gas Chromatographic/High Resolution Mass 
Spectrometric Determination, (HRGC/HRMS) but alternate methods may be used if the manufacturer 
c1n demonstrate that the method will reach the target LOQs as well as HRGC/HRMS. Specific 
<Jperating requirements are found in the Guidelines. 

fTOP] 
§766.18 I\'lethod sensith ity. 

The target level of quantitation required under§ 766.27 for each HDD/HDF congener is the level which 
must be attempted for each resolved HRGC peak for that congener. For at least one product sample, at 
least two analyses of the same isotopically labeled HDD/HDF intemal calibration standards spiked to a 
final product concentration equal to the LOQ for that congener must be reproducibly extracted, cleaned 
up, and quantified to within ±20 percent of each other. For each spiked product sample, the signal to 
noise ratio for the calibration standard peaks after complete extraction and cleanup must be 10:1 or 
greater. The recowry of the internal calibration standards in the extracted and cleaned up product 
samples must be \\ithin 50 to 150 percent of the amount spiked, and the results must be corrected for 
recO\·cry. 

Subpart B --Specific Chemical Testing/Reporting Requirements 

[TOP] 
§766.20 Who must test . 

(a) Any person who manufactures, imports, or processes a chemical substance listed in §766.25 must 
test that chemical substance and must submit appropriate infom1ation to EPA according to the schedules 
described in §766.35. Chemical substances manufactured, imported or processed between January 1, 
1984 and the date of promulgation of this part are subject to testing upon the effective date of this part. 
All other chemical substances are subject to testing immediately upon manufacture, import or 
processing. EPA expects that only manufacturers and importers will perfom1 testing, and that the cost of 
testing will be passed on to processors through the pricing mechanism, thereby enabling them to share in 
the cost of testing. However, processors will be called upon to sponsor testing should manufacturers and 
importers fail to do so. A processor may apply for an exemption from testing upon certification to EPA 
that a manufacturer or importer is testing the chemical substance which that person processes. 

(b) If no manufacturer or importer described in §766.20 submits a letter of intent to perform testing 
'.\ithin the period described under §766.35(a), or an exemption application under §790.45(a), or a 
request for an exclusion or waiver under §766.32, EPA will issue a notice in the FEDERAL REGISTER 
to notify all processors of that chemical substance. The notice will state that EPA has not received any 
of the documents described in the previous sentence, and that current processors will have 30 days to 
submit either a letter of intent to perfom1 the test or submit an exemption application. 

(c) If no manufacturer, importer or processor submits a letter of intent to perform testing of a specific 
chemical substance produced by a specific process, EPA will notify all manufacturers, importers, and 
processors, either by notice in the FEDERAL REGISTER or by letter, that all exemption applications 
'.\iII be denied and that within 30 days all manufacturers, importers, and processors will be in violation 
of this part until a proposed study plan is submitted for required testing. 

(d) Manufacturers, importers, and processors who are subject to this part must comply with the test rule 
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<kvelopment and exemption procedures in part 790 of this chapter, except as modified in this part. 

]TOP] 
§766.25 Chemical substances for testing. 

(a) Listing o{che111ica1 substances. Chemical substances required to be tested for HDDs/HDFs under 
this rule are listed in this section. The listing is by Chemical Abstracts Service (CAS) Number and 
common name. 

Note: For pllllJOSes of guidance only, EPA lists the chemical substances subject to testing under this part in two classes-
those known to be manufactured or imported bet\\ een January I, 1984, and promulgation of this part, and those not known to 

be m:mufacturecl or imported at the time of promulgation of this part. 

(I) Chel/licafs substances kno1vn to be n1anujactured between Janumy 1, 1984 and date of promufgation 
1~{ rh is parr. 

CAS No. 

79-94-7 
118-75-2 
118-79-6 
120-83-2 

1163-19-5 
4162-45-2 

21850-44-2 
25327-89-3 
32534-81-9 
32536-52-0 
37853-59-1 
55205-38-4 

Chemical name 

Tetrabromobisphenol-A. 
2,3,5,6-Tetrachloro-2,5-cyclohexadiene-1,4-dione. 
2,4,6-Tribromophenol. 
2,4-Dichlorophenol. 
Decabromodiphenyloxide. 
Tetrabromobisphenol-A-bisethoxylate. 
Tetrabromobisphenol-A-bis-2,3-dibromopropyl ether . 
Allyl ether of tetrabromobisphenol-A. 
Pentabromodiphenyloxide. 
Octabromodiphenyloxide. 
1,2-Bis(tribromophenoxy)-ethane. 
Tetrabromobisphenol-A diacrylate. 

(2) Chemicals not known to be nwnz!{actured between Janumy I, 1984 and the date of promulgation of 
this part. 

CAS No. Chemical name 

79-95-8 Tetrachlorobisphenol-A. 
87-10-5 3,4' ,5-Tribromosalicylanilide. 
87-65-0 2,6-Dichlorophenol. 
95-77-2 3,4-Dichlorophenol. 
95-95-4 2,4,5-Trichlorophenol. 
99-28-5 2,6-Dibromo-4-nitrophenol. 

120-36-5 2[2,4- (Dichlorophenoxy)]-propionic acid. 
320-72-9 3,5-Dichlorosalicyclic acid. 
488-47-1 Tetrabromocatechol. 
576-24-9 2,3-Dichlorophenol. 
583-78-8 2,5-Dichlorophenol. 
6()8-71-9 Pentabromophenol. 
615-58-7 2,4-Dibromophenol. 
933-75-5 2,3,6-Trichlorophenol. 

1940-42-7 4-Bromo-2,5-dichlorophenol. 
2577-72-2 3,5-Dibromosalicylanilide. 
3772-94-9 Pentachlorophenyl laurate. 
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37E53-61-5 Bismethylether of tetrabromobisphenol-A. 
Alkylamine tetrachlorophenate. 
Tetrabromobisphenol-8. 

(b) Gmd(-' to be tested. If the same process is used to manufacture all grades of the same chemical 
substance, only one grade need be tested. The grade to be tested must be the grade subject to the most 
intense heat and alkalinity for the longest duration of time, manufactured under each different process. If 
the heat, alkalinity and duration of reaction do not differ for various grades, the test substance must be 
the grade of chemical substance with the highest volume of sales. 

[TOP[ 
§766.27 Congener·s and LOQs for which quantitation is required. 

Quantitation at the target LOQ shown for each of the following HDDs/HDFs which may be present in 
the chemical substances is required for the chemical substances listed under §766.25. Analysis must take 
place for either chlorinated or brominated dibcnzodioxins or dibenzofurans, whichever is predominantly 
expected to occur in the chemical substance to be tested. Only chlorinated and brominated congeners 
need be quantified; for chemical substances containing predominantly chlorine atoms, only congeners 
totally chlorinated at the numbered positions need be quantified; for chemical substances containing 
predominantly bromine atoms, only congeners totally brominated at the numbered positions need be 
quantified . 

Chlorinated dioxins 

2 , 3 , 7 , 8- TCDD ..................... . 
1, 2, ~ I 7 I 8- PeCDD .................. . 
1 1 2 1 ~ 1 4 1 7.8-HxCDD ................ . 
1 1 2 1 3 1 6 1 7 1 8-HxCDD ................ . 
1 I 2 I 3 I 7 I 8 I 9- HxCDD ................ . 
1 I 2 ' 3 I 4 I 6 I 7 I 8- HpCDD .............. . 
2 I 3 I 7 I 8- TCDF ..................... . 
1 I 2, 3 I 7, 8- PeCDF .................. . 
2 I 3 I 4 I 7 I 8- PeCDF .................. . 
1 I 2 I 3 I 4 I 7 I 8- HxCDF ................ . 
1,2,3 1 6,7~8-HxCDF ................ . 
1 I 2 I 3 I 7 I 8 I 9- HxCDF ................ . 
2 I 3 I 4 I 6 I 7 1 8- HxCDF ................ . 
1 1 2 1 3 1 4 1 6 1 7 1 8-HpCDF .............. . 
1' 2 I 3 I 4 I 7 I 8 I 9- HpCDF .............. . 

[TOP[ 
§766.28 Expert review of protocols. 

Brominated dioxins 

2 1 3 1 7 1 8-TBDD ....... . 
1 1 2 1 3 1 7 1 8-PeBDD .... . 
1 1 2,3 1 4 1 7 1 8-HxBDD .. . 
1 1 2 1 3 1 6 1 7 1 8-HxBDD .. . 
1 1 2 1 3 1 7 1 8 , 9- HxBDD .. . 
1,2,3,4 1 6,7,8-HpBDD. 
2' 3 I 7' 8- TBDF ....... . 
1 1 2,3,7,8-PeBDF .... . 
2 , 3 1 4 , 7, 8- PeBDF .... . 
1 1 2 1 3 1 4, 7 I 8- HxBDF .. . 
1 1 2 1 3 1 6 1 7 1 8-HxBDF .. . 
1, 2 1 3, 7, 8 1 9- HxBDF .. . 
2 1 3,4 1 6,7,8-HxBDF .. . 
1,2,3,4 1 6,7,8-HpBDF. 
1,2 1 3 1 4,7 1 8,9-HpBDF. 

LOQ 

0.1 ppb. 
0.5 ppb. 
2.5 ppb. 
2.5 ppb. 
2.5 ppb. 
100 ppb. 
1 ppb. 
5 ppb. 
5 ppb. 
25 ppb. 
25 ppb. 
25 ppb. 
25 ppb. 
1 ppm. 
1 ppm. 

EPA will gather a panel of experts in analysis of chemical matrices for HDDs/HDFs to review the 
protocols for testing submitted to EPA. The panel members will be employees of EPA and/or of other 
U.S. Government agencies who have had experience in analysis of chemical matrices ancl/or chemical 
wastes for HDDs/HDFs. The panel will recommend to the Director, EPA Office of Pollution Prevention 
and Toxics, whether the protocol submitted is likely to allow analysis clown to the target LOQs, or if 
not, \vhether the protocol represents a good faith effort on the part of the tester to achieve the lowest 
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possible LOQs. The final determination to accept or reject the protocol will be made by the Director, 
Office of Pollution Prevention and Toxics. EPA will review the submitted protocols as rapidly as 
possible and will complete the review within 90 days after receipt. EPA may require submission of 
revised protocols. Comments and recommendations will be transmitted to the submitter, and if revision:; 
arc required, a final protocol must be submitted to EPA within 90 clays after EPA transmits such 
recommendations. 

fTOPJ 
§766.J2 Exclusions and waivers. 

(a) Rcasonsfor c.rc!usions and lt·aivers. Any person subject to the testing requirements of this part may 
request an exclusion or waiver from testing for any one of the following reasons: 

(!)Exclusions may be granted !l (i) Testing of the appropriate grade of the chemical substance has 
already been carried out, either analytical testing at the lowest LOQ possible, with appropriate QA/QC, 
or a well-designed bioassay with appropriate QA/QC or; 

(ii) Process and reaction conditions of the chemical substance such that no HDDs/HDFs could be 
produced under those conditions; 

(2) Waivers 111ay be granted(/ (i) A responsible company official certifies that the chemical substance is 
produced only in quantities of 100 kilograms or less per year, only for research and development 
purposes; or 

(ii) In the judgement of EPA, the cost of testing would drive the chemical substance off the market, or 
prevent resumption of manufacture or import of the chemical substance, if it is not currently 
manufactured, and the chemical substance will be produced so that no unreasonable risk will occur due 
to its manufacture, import, processing, distribution, use, or disposal. (In this case, the manufacturer must 
submit to EPA all data supporting the determination.) 

(iii) Waivers may be appropriately conditioned with respect to such factors as time and conditions of 
manufacture or use. The grade of decabromodiphenyl oxide produced by Dow Chemical Company 
(Dow) for the National Toxicology Program (NTP) bioassay on that chemical is excluded from the 
testing requirement under this part. Provided, however, that this exclusion will not apply if Dow fails to 
supply to EPA within 60 days of the effective date ofthis section evidence showing which grade was 
used for the NTP bioassay. 

(b) Timing. Exclusion or waiver requests and detailed supporting data must be submitted to EPA within 
60 days from the effective date of this part for persons manufacturing, importing or processing a 
chemical substance as of the date of promulgation, or 60 days prior to the date of resumption of 
manufacture or import for a chemical substance produced by a specific process if the chemical substance 
is not manufactured, imported or processed as of the date of promulgation. 

(c) Publication. Within 10 days of receipt of any exclusion or waiver request, EPA will issue in the 
FEDERAL REGISTER a notice of such receipt. EPA will also issue a notice of its decision on each 
exclusion or waiver request within 60 days of receipt. 

(d) Decision. The EPA Director of the Office of Pollution Prevention and Toxics will make the decision 
to grant or deny waivers or exclusions. 



Code of Federal Regulations Search Rc:<tlits http:l/cL·frback.acccss.gpo.go\"/otcgi/cf. .. iew&SU13SET=SUBSET&FR0i'VI= I &SIZE= I O&ITEivl= I 

• 
]TOP] 
§766.35 Reporting requirements . 

(a) Letters of intent, exenzprion applications. and protocols-- ( 1) Letters of Intent. (i) Persons who have 
manufactured or imported chemical substances listed under §766.25 between January 1, 1984, and the 
effective date of this part are required to submit under§ 790.45 of this chapter a letter of intent to test or 
an exemption application. These letters must be submitted no later than September 3, 1987. 

(ii) Persons who commence manufacture. impoii or processing of a chemical substance listed under 
§766.25 that has not been manufactured, imported or processed between January 1, 1984 and the 
effective date of this part must submit under §790.45 of this chapter, within 60 days after the 
commencement of manufacture, import, or processing of the chemical substance, a letter of intent to te:':t 
or an exemption application. 

(iii) Persons who commence manufacture, import or processing of a chemical substance listed under 
§766.25 between the effective date of this part and the end of the reimbursement period for that 
particular chemical substance produced by a specific process must submit under §790.45 of this chapte>, 
within 60 days after the commencement of manufacture, import or processing of the chemical substanc·=, 
a letter of intent to test or an exemption application. 

(2) Protocols. (i) Each person who is manufacturing or processing a chemical substance listed in 
~766.25 as ofthe effective date of this part who submits a notice of intent to test under §766.35(a)(l) 
must submit a protocol for the test as follows: 

(A) The protocols for each chlorinated chemical substance produced by each process to be tested must 
be submitted to EPA no later than 12 months after the effective date of this part. 

(B) The protocol for each brominatccl chemical substance produced by each process to be tested must be 
submitted to EPA no later than 24 months after the effective date of this part except for the following 
chemicals. 

(1) The deadline for submitting the protocols for tetrabromobisphenol-A (CAS No. 79-94-7); 2,4,6 
tribromophenol (CAS. No. 118-79-6); decabromodiphenyloxide (CAS No. 1163-19-5); and 
1,2-bis(tribromophenoxy)-ethane (CAS No. 37853-59-1) is January 31, 1991. 

(2) The deadline for submitting protocols for octabromodiphenyloxide (CAS No. 32536-52-0) and allyl 
ether oftetrabromobisphenol-A (CAS No. 25327-89-3) is January 31, 1991. 

(3) The deadline for submitting protocols for pentabromodiphenyloxide (CAS No. 32534-81-9) is 
February 6, 1995. The deadline for submitting tetrabromobisphenol-A-bisethoxylate (CAS No. 
4126-45-2) is January 31, 1991. 

(4) The deadline for submitting protocols for 3,4',5-tribromosalicylanilide (CAS No. 87-10-5) is 
September 5, 1990. 

(ii) For chemical substances produced by a specific process not manufactured or processed as of the 
effective elate of this part, a person who begins manufacture and submits a notice of intent to test must 
submit protocols for the test as follows: 

(A) Except as noted for the submitter and substance specified in the following table, protocols for 
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testing must be submitted 12 months after manufacture or importation begins for chlorinated chemical 
~.ubstances . 

CAS No. Submitter Chemical 

118-75-2 Rhone-Poulenc .................... 2,3,5,6-tetrachloro-2,5-cyclohexaniene 
1,4-dione. 

(B) Protocols for testing must be submitted 24 months after manufacture begins for brominated 
chemical substances. 

(iii) For persons who have been granted exemptions, waivers or exclusions from testing, protocols musi: 
be submitted 12 months after expiration of the exemption, waiver or exclusion for chlorinated chemical 
substances, and 24 months after expiration of the exemption, waiver or exclusion for brominated 
chemical substances. 

(b) lnfonnation that must be submitted to EPA. (1) Persons who manufacture or import a chemical 
substance listed under §766.25 must report no later than October 5, 1987 or 90 clays after the person first 
manut~tctures or imports the chemical substance, whichever is later, the results of all existing test data 
which show that chemical substance has been tested for the presence ofHDDs/HDFs. 

(2) Any manufacturer or importer of a chemical substance listed in § 766.25 in possession of 
unpublished health and safety studies on HDDs/HDFs is required to submit copies of such studies to 
EPA no later than October 5, 1987 or 90 days after the person first manufactures or imports the chemical 
substance, whichever is later. The following provisions of part 716 of this chapter apply to submission 
ofthese studies: §§716.3, 716.10(a) (1) and (4); 716.20(a) (1), (2), (3), (4), (7), (8) and (10); 716.25; 
716.30; 716.35(a) (1), (2), and (4) [if applicable]; 716.35 (b) and (c); 716.40 (a) and (b); 716.50; 716.55; 
and 716.60(a)(2). 

(3) No later than October 5, 1987 or 90 days after the person first manufactures or imports the substance 
listed in §766.25, any manufacturer or importer of a chemical substance listed in §766.25 must submit 
records required to be held under part 717 of this chapter on any HDDs/HDFs. 

(4) Test results. (i) Test results must be submitted to EPA not later than 270 days after EPA's 
transmission of comments or 180 clays after a final protocol is submitted to EPA, whichever is shorter, 
except as noted for the submitters and substances specified in the following table: 

CAS No. 

79-94-7 

~ 1 1 1 1 7 
9-94-7 

79-94-7 

87-10-5 

Submitter 

Great Lakes 

Ethyl 

Ameribrom 

Pfister 

Chemical 

Tetrabromobisphenol~A 

Tetrabromobisphenol-A 

Tetrabromobisphenol-A 

3,4' ,5-tribromosalicylanilide 

Due Da 

May 26, 1992 

August 10, 199 

April 15, 1994 

45 days after:
approval 
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118-75-2 Rhone-Poulenc Inc. 2,3,5,6-tetrachloro-2,5-
cyclohexadiene-1,4-dione 

118-79-6 Great Lakes 

1163-19-5 Ameribrom 

1163-19-5 Ethj'l 

1163-19-5 Great Lakes 

4162-45-2 Great Lakes 

25327-89-3 Great Lakes 

32534-81-9 Great Lakes 

32534-81-9 Akzo Chemicals 
Inc. 

32534-81-9 Ameribrom 

32536-52-0 Ameribrom 

32536-52-0 Ethyl 

32536-52-0 Great Lakes 

2,4,6-Tribromophenol 

Decabromodiphenyloxide 

Decabromodiphenyloxide 

Decabromodiphenyloxide 

Tetrabromobisphenol-A
bisethoxylate 

Allyl Ether of 
Tetrabromobisphenol-A 

Pentabromodiphenyloxide 

Pentabromodiphenyloxide 

Pentabromodiphenyloxide 

Octabromodiphenyloxide 

Octabromodiphenyloxide 

Octabromodiphenyloxide 

July 5, 1996 

May 26, 1992 

April 15, 1994 

May 26, 1992 

May 26, 1992 

June 2, 1993 

August 10, 1';9 

fvlarch 22, E•9 

February 6, 19 

March 22, 199 

January 8, 199 

May 15, 1994 

May 26, 1992 

37853-59-1 Great Lakes 1,2-bis(tribromophenoxy)ethane January 24, 19 

(ii) For purposes of rep01iing test results to EPA, and for further reporting triggered by a positive test 
result under §766.35(c), a positive test result is defined at §766.3. 

(iii) Reporting of test results must follow procedures set out in part 790 ofthis chapter, except as 
modified in this part. 

(c) 11!/ormation required to be submitted to EPA after submission of a positive test result. ( 1) Any 
person who submits a positive test result for a specific chemical substance listed under §766.25 must 
submit to EPA no later than 90 days after the date of submission ofthe positive test result the following: 

(i) A completed fom1 (EPA 7710-51) for that chemical substance. The form and instructions are 
available from the Environmental Assistance Division (7408), Office of Pollution Prevention and 
Toxics, Environmental Protection Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460. One 
form must be submitted for each chemical substance for which a positive test result has been submitted. 

(ii) Health and safety studies for the chemical substance for which a positive test result has been 
reported. The following provisions of part 716 of this chapter apply to submission of these studies: 
§§716.3; 716.10 (a) (1), (2), (3) and (4); 716.20; 716.25; 716.30; 716.35(a) (1), (2), and (4), [if 
applicable]; 716.35 (b) and (c); 716.40 (a) and (b); 716.50; 716.55; 716.60(a)(2). 
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(iii) Copies of records on the chemical substances required to be held under part 717 of this chapter. 

(2) If a positive test result on a chemical substance is received from one person but not from others, EPA 
may issue a notice in the FEDERAL REGISTER listing that chemical substance and requiring any 
person manufacturing, importing or processing that chemical substance who has not submitted a positive 
test result to submit the information required in Part II of EPA Form 7710-51. Such a notice will be 
published only if EPA needs additional process data to make a determination ofunreasonable risk. 

(d)-( e) [Reserved] 

(t) EJ]i'cfil'e date.(!) The effective date of this final rule is July 6, 1987, except for paragraphs 
(a)(2)(i)(B) introductory text, (a)(2)(i)(B)(J), (a)(2)(i)(B)(2), (a)(2)(i)(B)(J), (a)(2)(i)(B)( 4), the table in 
paragraph (a)(2)(ii)(A), and the table in paragraph (b)(4)(i) of this section. 

(2) The effective date for paragraph (a)(2)(i)(B) introductory text, (a)(2)(i)(B)(l), (a)(2)(i)(B)(2), and 
(a)(2)(i)(B)( 4), is I'vlay 21, 1991. The effective date of paragraphs (a)(2)(i)(B)(J), and the table in 
paragraph (a)(2)(ii)(A) is September 29, 1995. The effective date ofparagraph (b)(4)(i) introductory te;<t 
is r-.·lay 28, 1993, and the effective date ofthe entries in the table in paragraph (b)(4)(i) is shown in the 
effectiw elates column ofthe table. 

(3) The guidelines and other test methods cited in this rule are referenced as they exist on the effective 
elate ofthe final rule. 

[52 FR 2143 7, June 5, 1987, as amended at 56 FR 23229, May 21, 1991; 57 FR 24960, June 12, 1992; 58 FR 30991, May n, 
1993, 58 FR 34205, June 23, 1993; 59 FR 46356, Sept. 8, 1994; 60 FR 31922, June 19, 1995; 60 FR 50433, Sept. 29, 1995; 
60 FR 56955, Nov. 13, 1995; 62 FR 35105, June 30, 1997] 

[TOP] 
§766.38 Reporting on precursor chemical substances. 

(a) Identification of precursor chemical substances. Precursor chemical substances are produced under 
conditions that will not yield HDDs and HDFs, but their molecular structure is conducive to HDD/HDF 
fonnation under favorable reaction conditions when they are used to produce other chemicals or 
products. The following precursor chemical substances are identified by Chemical Abstract Service 
(CAS) number and name. 

CAS No. 

85-22··3 ......................... . 
87-61--6 ......................... . 
87-84··3 ......................... . 

89-61·2 ......................... . 
89-64·5 ......................... . 
89-69 0 ......................... . 
92-04-6 ......................... . 
94-74·6 ......................... . 
94-81··5 ......................... . 

Chemical name 

Pentabromoethylbenzene. 
1,2,3-Trichlorobenzene. 
1,2,3,4,5-Pentabromo-6-chloro-

cyclohexane. 
1,4-Dichloro-2-nitrobenzene. 
4-Chloro-2-nitrophenol. 
2,4,5-Trichloronitrobenzene. 
2-Chloro-4-phenylphenol. 
4-Chloro-o-toloxy acetic acid. 
4-(2-Methyl-4-chlorophenoxy) butyric 
acid. 

95-50--1 .......................... a-Dichlorobenzene. 
95-56··7 .......................... a-Bromophenol. 
95-57-8 .......................... a-Chlorophenol. 
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95-88-5 .......................... 4-Chlororesorcinol. 
95-94-3 .......................... 1,2,4,5-Tetrachlorobenzene. 
97-50-7 .......................... 5-Chloro-2,4-dimethoxyaniline. 
99-30-9. . . . . . . . . . . . . . . . . . . . . . . . . . 2, 6 -Dichloro-4 -ni troaniline. 
99-54-7 .......................... 1,2-Dichloro-4-nitrobenzene. 
106-46-7 ......................... p-Dichlorobenzene. 
108-70-3 ......................... 1,3,5-Trichlorobenzene. 
108-86-1 ......................... Bromobenzene. 
108-90-7 ......................... Chlorobenzene. 
117-18-0 ......................... 1,2,4,5-Tetrachloro-3-nitrobenzene. 
120-82-l......................... 1,2,4-Trichlorobenzene. 
348-51-6 ......................... o-Chorofluorobenzene. 
350-30-1 ......................... 3-Chloro-4-fluoronitrobenzene. 
615-67-8 ......................... Chlorohydroquinone. 
626-39-1 ......................... 1,3,5-Tribromobenzene. 
:327-94-1......................... 2, 6-Dibromo-4-nitroaniline. 

(b) Persons required to report. All persons who manufacture or import a chemical product produced 
using any ofthe chemical substances listed in paragraph (a) of this section as feedstocks or 
intermediates must report no later than September 29, 1987. Small manufacturers and those 
manufacturers and importers who produce the precursor chemical substances in quantities of 100 
kilograms or less per year only for research and development purposes are not required to report under 
this section 

(c) Data to be reported. Manufacturers and importers of chemical products made from precursor 
chemical substances identified in paragraph (a) of this section must report process and reaction 
condition data on Part II of EPA Fom1 7710-51 for each chemical product. A separate EPA Form 
7710-51 must be submitted for each chemical product reported, and the precursor chemical substance 
used must be identified. All fonm must be submitted to EPA no later than September 29, 1987. 

[52 FR 21437, June 5, 1987, as amended at 60 FR 31922, June 19, 1995] 




